
US010241552B2 

( 12 ) United States Patent 
Kojima et al . 

( 10 ) Patent No . : US 10 , 241 , 552 B2 
( 45 ) Date of Patent : Mar . 26 , 2019 

( 54 ) MEMORY SYSTEM AND CONTROL 
METHOD 

( 71 ) Applicant : Toshiba Memory Corporation , Tokyo 
( JP ) 

( 52 ) U . S . CI . 
CPC . . . . . . . . . . . . GO6F 1 / 30 ( 2013 . 01 ) ; G06F 11 / 1666 

( 2013 . 01 ) ; G06F 11 / 2015 ( 2013 . 01 ) ; GIIC 
29 / 52 ( 2013 . 01 ) ; GIIC 2029 / 0411 ( 2013 . 01 ) 

( 58 ) Field of Classification Search 
CPC . . . . GOOF 1 / 30 ; G06F 11 / 1666 ; GOOF 11 / 2015 ; 

G11C 29 / 52 
USPC . . . . . . . . . . . . . . . . 365 / 229 
See application file for complete search history . 

( 56 ) References Cited 

( 72 ) Inventors : Yoshihisa Kojima , Kawasaki 
Kanagawa ( JP ) ; Masanobu Shirakawa , 
Chigasaki Kanagawa ( JP ) ; Kazutaka 
Takizawa , Yokohama Kanagawa ( JP ) ; 
Hiroyuki Moro , Hachioji Tokyo ( JP ) ; 
Takuya Futatsuyama , Yokohama 
Kanagawa ( JP ) U . S . PATENT DOCUMENTS 

( 73 ) Assignee : Toshiba Memory Corporation , Tokyo 
( JP ) 

( * ) Notice : Subject to any disclaimer , the term of this 
patent is extended or adjusted under 35 
U . S . C . 154 ( b ) by 0 days . 

. . . . . . . . . . . . . . . . ( 21 ) Appl . No . : 15 / 710 , 381 

( 22 ) Filed : Sep . 20 , 2017 
( 65 ) Prior Publication Data 

US 2018 / 0081414 A1 Mar . 22 , 2018 

8 , 891 , 301 B1 * 11 / 2014 Shlick . . . . . . . . . . . . . . . . . . . . . G11C 5 / 005 
365 / 185 . 03 

9 , 251 , 064 B2 2 / 2016 Kimmel 
2006 / 0139844 A1 * 6 / 2006 Kameyama . . . . . . . . . . . GO6F 7 / 4824 

361 / 272 
2010 / 0293331 A1 * 11 / 2010 Fujii G06F 11 / 1441 

711 / 119 
2011 / 0179322 A1 * 7 / 2011 Lee . . . . . . . . . . . . . GO6F 11 / 1048 

714 / 719 
2012 / 0151301 A1 * 6 / 2012 Izumi . G06F 11 / 1048 

714 / 773 

( Continued ) 
Primary Examiner — Anthan Tran 
( 74 ) Attorney , Agent , or Firm — Kim & Stewart LLP 
( 57 ) ABSTRACT 
A memory system includes a nonvolatile memory a control 
ler that controls the nonvolatile memory , and a backup 
power supply . In response to a detection that power from an 
external source to the memory system is interrupted , at 
which time power to the memory system starts to be 
supplied from the backup power supply , the controller 
transmits a first command to the nonvolatile memory to 
change a parameter for a write operation and then transmits 
a second command to the nonvolatile memory to carry out 
a write operation , such that the nonvolatile memory carries 
out the write operation using the changed parameter . 

19 Claims , 27 Drawing Sheets 

( 30 ) Foreign Application Priority Data 
Sep . 20 , 2016 ( JP ) . . . . . . . . . . . . . . . . 2016 - 183092 

( 51 ) Int . Ci . 
GIIC 29 / 00 
G06F 1 / 30 
G06F 11 / 16 
G06F 11 / 20 
GIIC 29 / 52 
GIIC 29 / 04 

( 2006 . 01 ) 
( 2006 . 01 ) 
( 2006 . 01 ) 
( 2006 . 01 ) 
( 2006 . 01 ) 
( 2006 . 01 ) 

. MEMCSY SYSTEM 30 33 : ? ? ? 
CONTROL CIRCUIT 
BACKU 2018 : 

wwwwwwwwwwww 

240 - 

220 MEMORY 1 / 3 ALE 

CONTROL 
VN11 
( CPU ) 

wwwwwwwww 

20W63 
$ UPPLY 

COMMAN ) 
GENSRATION 

UNIT 
22 28 HOST ? 

JEVICs HOST 1 / 5 CC 
CIRCUIT NONVOLATILE 

MEMORY 

RAM mane 

JATA WRITE 
? ? * : : : : 

wwwwwww DAT wwwwwwwwwwww www . 

ZIDA 230 2308 
OQS 

MEMORY CONTROLLS 
weewwawwwwwwwwwwwwwwwwwwwwwAAAAWAHWWMWANAMAN 

w pa u VNUM WWW wie van NH w . . code 1714 



US 10 , 241 , 552 B2 
Page 2 

( 56 ) References Cited 
U . S . PATENT DOCUMENTS 

2013 / 0205065 AL 
2015 / 0339203 Al 

8 / 2013 Kloeppner et al . 
11 / 2015 Blount et al . 

* cited by examiner 



FIG . 1 

U . S . Patent 

MEMORY SYSTEM 

32 

POW : SURELY CONTROL CIRCUIT ACKU POWE : YanninminninnmanAnwwwwwwwwwwwwwwwwwwwwwwing 

? ? ??? 

???? ???? ???? ???? ????? ?? ??? ????? ??? ? 

? ?? ?? ?? ???? ?? ???? ???? ???? ???? 

??? wwwmurnyren WWWWWWWWWWWMWA 
WWW 
wwwwwwwwwwwwww 

A . M . P 

MA 

Mar . 26 , 2019 

V 

CONTROL UNIT CRO ) 

w 

PPTIPPNU 

POWER SOPHWY 

COMMAN GENERATION UNIT 
WWW 

wwws 

HOST 

- 

Sheet 1 of 27 

ALUNYANVA 

HOST 1 / 

VV 

DEVICE 

CIRCULT 

NONVOCATI - E MEMORY 

BUCOKLADU 
WRIT : BUE : 

DATA BUHAR 
VU 

era 

PATAKARAXXUMAMwinaswwwww 230A zo Z10B 

WWWWWWW 

* 

* * 

* * 

* 

* 

MEMORY CONTROLLER 

US 10 , 241 , 552 B2 

PERSPPA POPPPPP 

or 

N 

# 



HAKAMAGANA MANERAWAN KAWAWA WAHULIHANAAN MARAMURHARGA KARARA 

AN MAWARARKARAMARRARARANNAN 
M 

WAWAM MALAWIKI 

AKANANMAANMAAN HARAPARKAS 

US 10 , 241 , 552 B2 

wwwwwwwwwww 

COLUMN DECODER 

MAPAware perwore 

UNNAMAAL 

WWW 

HOYT 20 

DATA . www 

wel 

TTOO 12 . no VIGENT 

SENSE AMPLIE153 16464KAUS 

SIGNAL ADDRESS 

KKKKKKKKKKKKKKKKKo 
n 

ding 

HITS 
OWN 

www 

VVVK 

MWWW 

COMMAN ) 

Sheet 2 of 27 

CIRCUIT GENERATION VOLTAGE 

dvd 

CONTROLIER AYOWGW 

Awwww 

USOO soo 

WAWASAN 

CIRCUIT CONTROL 
MALL 

YAAAAAAA 

Rem 

ww wwww 

WAN 

MOR 

PRISIJ 

1 , 021 , 110 NANI 

MAKSAMAN A 

WWWWW 

7FAMHAMP 

AND 

* * * * * * * * * * * * * 

Mar . 26 , 2019 

MAANA 

SEQUENCERE 

* * * 

WwWwW 

wwwwww 

ww 

MAWALA 

HOWN TYTOANON 

WANAWANA 

FIG . 2 

U . S . Patent 



US 10 , 241 , 552 B2 

WWE 

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww # P * * * 

wwwwww 

w www 

w wwwwwwwww ' s * * * 11W 13770241 

* 

* 

en 

17727777 ' . ' ' ' ' 

Yuddetde 
# ddddddddc 

quis 

fac . 14 . 4 . 4 

. 444 4444 

r 

o ku . W dreng 

Ro . . 

A 

4444444444 

LAS 

ANAAAAAA 

VW Wwwwww 

wwwwwwwwwwwwwwwwwwww where they 

Y 

WIN 

A 

XXX 

SAAAAAA 

AAVAA 

* * * 

w 

VEEL LLL 

www 

Sheet 3 of 27 

?? 

??? ????? 

r 

il rito 

ww www 

www 

FIG . 3 

WA 

, 4 % 

?????????? ??????? 
4 hh . 44 , 

WWW 

WWW fufufufuuun 
Ww wWw 

ww 

verecek . WAKAMA 

wib 

Mar . 26 , 2019 

WA 

W WYWY 

VYY12 

read 

EEEEE 

S 

M 

- * - 

- 

* 

. 

m 

SA 

10 . 

« . wwwwwwwwwwwwwwww 
. * * * * * * * - 

- 

- - - 

arowy wwwwwwwwwwwwwwwwwwww 

* * * * * 

wwwwww 

ww wwwwwwwwwwser fungerende w 

KAMAGANA MAANGAMAKASAMA KARARLARARARAMAREngangan AKAMALAKKAAMAA 

d ressen 

ater waren warga 

wwwrootworten 
tottunee 

tartalommorth Methotreeningutetthonteremtettore Meteorolhatthehet talletaten freesw 

wwwwwwwwwwwwwwwwwwwwwww 

* * * * * * * * * * * * 

* * * * * * * * * 444444444 

4 4444444444444 

4 

4444444444444444444 . 
PAPPrrrrrrr 

r rrrrrrrrrrrrrrrrrrrrrrr 

U . S . Patent 



U . S . Patent Mar . 26 , 2019 Sheet 4 of 27 US 10 , 241 , 552 B2 

QUIS 

WWW mo YW 

wwwwww inistri 

/ 

VW VWvY 14 h m 
. 32 KY ant 44 . LT 

11 . 11 
* w w MA 

* * * * 22 

AVA 

mis 7 

FIG . 4 
wy 

as 
33 83 

Wome 

Si 

. 

WW ons ZA 
. w 

7 

WA 

ma LLLL TATTO www w123 where 
M 5 ax the 

. . wwww . www w 
. . IN * * * * * * * * * * 3 

* * v . pt . YEN . T417 - Swissour rannannten * 
her . * * H4542 



U . S . Patent Mar . 26 , 2019 Sheet 5 of 27 US 10 , 241 , 552 B2 

FIG . 5 
wwwww 

* * PAR MW 

AWA WWW 

ME VAA 

PAST 
444044 US 

wwwwww 

44 < 44064 

AC 

MANN 

S . www 

* * * * * * * * * * * 
wy 

MV 

FIG . 6 
SUI 

* * * * 
w MHAN 

www . MM 

2000W 

A 

Not Now 
+ + 

* + + + 



tent Mar . 26 , 2019 Sheet 6 of 27 US 10 , 241 , 552 B2 

FIG . 7 
DATA 

PPPPPPPPPPPPAPAPAA 
CELL 
NUMBER O TRANSISTORS A NJA 

APAPPPN vocorpo 
VOLTAGE 

FIG . 8 
BIT DATA 

VVVV 

< < [ + ? ? : 

LOWER 
WWWWWW 

* * * * * * * * 

. 

1111111 . 

NUMBER OF CELL TRANSISTORS AAAA 
ARRARA MAPAPAPA . PANPINNNN RAMAR AMB 

sigarados 
rrrr . * * 

VOLTAGE 



FIG . 9 

atent 

MEMORY SYSTEM STARTS TO RECEIVE POWER SUPPLY LAST SHUTDOWN GRACEFUL ( WITH PRIOR NOTIFICATION ) ? ort 

Mar . 26 , 2019 

MEMORY CONTROLLER RBADS DATA FROM 
EVACUATION BLOCK AND WRITES READ DATA - S9 

INTO ANOTHER BLOCK 
YYY . 

+ 

MEMORY SYSTEM OPERATES IN NORMAL MODE HOST STOPS SUPPLY OF POWER TO MEMORY SYSTEM 

Sheet 7 of 27 

MEMORY SYSTEM STARTS TO CERAIE BY BACKU POWER SUPPY 

wwwwwwwwwwwww 

w 

wwwwwwww AYNwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww MEMORY CONTROLLER PERFORMS EVACUATION WRITE INVACUATION MODE 

MEMORY CONTROLLER READS STATUS 

- . . 

* . . . - - . . - 

. . - . - . - . - . - 

. - . - . - . . . - - - - - - - - - - i 

dorr . . 

. w 

are - * * 

anima . MAMA MWAKA 

MEMORY SYSTEM IS TURNED OF 

US 10 , 241 , 552 B2 



U . S . Patent 

FIG . 10 

MEMORY SYSTEM 

Mar . 26 , 2019 

MEMORY CONTRCLE 

NONVOLATIL MEMORY 

NOI ACTUALLY WRITTEN IO NONVOLATILE MEMORY 

WRITE SUFFER 

MEMORY CELL ARRAY 

MAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAIAAMSKAAMAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LTEM LVIVO SLIEM USO 

HOST WRITE DATA 

HOST DRVICE 

80CC 

Sheet 8 of 27 

on VA 

COMPLETION RESPONS 

( ENCODEO ) WRITE DATA OSTA BUSTER 

W WWWWwwwwwwwwwwwwwwwwwwwww 

MA # MAWAWW 

US 10 , 241 , 552 B2 



U . S . Patent 

FIG . 11 

Mar . 26 , 2019 

NORMAL WRITE INSTRUCTION ( MULTIPLE LEVELS ) 

NORMAL WRITE INSTRUCTION ( MULTIPLE LEVELS ) 

???? ???? ???? ???? ???? 

WWW 

ba [ 10 < Xin Xeon XALXAXX3 X41XXXBOXIX e Xun _ _ xan X201 XA1 / AbXo 

TUL 

Sheet 9 of 27 US 10 , 241 , 552 B2 



U . S . Patent Mar . 26 , 2019 Sheet 10 of 27 US 10 , 241 , 552 B2 

FIG . 12 
NONVOLATILE MEMORY 

wave MEMORY CELL ARRAY 

BLOCK 

CARAKKARACOLO co 
SELECTED CEL 

UNIT in 
LOVER PAGE : ) ATA 

MEMORY 
CONTROLLER 

( X11XBOH ) Lowex PAGE DATA 
( x21 % 80h ) ? PER PAGE DATA ) 

m 

UPER PAGE ATA Sierpienimm 
WWWWWWWMANUM 

CU BLK 1 100 

FIG . 13 
PROGEAM 1002 

FEOGPAS VERLEICATION COUNTING 

* v po Vogm - Vpgms - - * - * - 

wwwve 
d 

SELECTED Wi . wwwcy ood WwWY 

op wwwwww 

NOY - 81 CTED W : wwws wwwwwww wwwku 

B . 



atent Mar . 26 , 2019 Sheet 11 of 27 US 10 , 241 , 552 B2 

FIG . 14 
SELECTE : CELL 

' I ' RANSISTOR MIO SELECTED CELL 
UNIT CU 

SELECTED CELL 
TRANSISTOR MTM - 1 

* * * Wwwwwwwwwwwwwwwwwwwwwwwwwwwwww w wwwwwwwwwwwwwwww w w wwwwwwwwwwwwwwwwwwwwww 

PPFPPPPPFPPPPPELE 

NUMBER OF CELL TRANSISTORS FAILING IN VERIFICATION S TN1 ? 

1 Yes - 
PROGRAMMING TO X STATE 

IS COMPLETED 
PROGRAMMING TO X STATE 

IS NOT COMPLETED 

FIG . 15 
NORMAL WRITE INSTRUCTION ( SINGLE LEVEL 

Dat7o1 < xX80XAI XA2 X3 X4 X5 XBOX / XDX16 + WW 

NY WWW 



U . S . Patent Mar . 26 , 2019 Sheet 12 of 27 US 10 , 241 , 552 B2 

FIG . 16 
NONVOLATILE MEMORY 

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 

MEMORY CELL ARRAY 

TAMAMLANMAMAMMALAMAN UTAMAALAMMUKAWA DOWS 

MEMORY | XXnX8H / PAGE DAVA PAGE DATA H MEMORY 
NTROLL CO E 

CU B?K 11100 

FIG . 17 
PROGRAM LOOP 

VERICATION 
PROGRAM 

COUNTING 

* 

w wwwww 
* 

* 

* 

SELECTED WL Y 

ote 

NON - S2SCT3D Whi NA 



U . S . Patent Mar . 26 , 2019 Sheet 13 of 27 US 10 , 241 , 552 B2 

FIG . 18 
EVACUATION KRII INSTITUCIION SINGLE IS VEL ) 

w w w * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

DQ70 YX80 XAIXA2XABXAF XAG XD XIXDXish ) + 

FIG . 19 
NONVOLATILE MEMORY 

MEMORY CELL ARRAY 

LOC . 

W SELECTED CELL 

ZAGE DATA 
MEMORY 

WWAAIWUWW WWWLWAY 
WWW 

MAS 

CU BLK 11 100 



U . S . Patent Mar . 26 , 2019 Sheet 14 of 27 US 10 , 241 , 552 B2 

FIG . 20 
PROGRAM LOOP 

PROGRAM VERIFICATION 
COUNTING 

WW 

SELECTED WL 

H KA ith NON - SELECTE : WL Connen Siwand WWW 

FIG . 21 
SEL : CTE . CELL 
TRANSISTO : MT SELECTED CELL 

UNIT CU 
SELECTED CELL 
TRANSISTOR MIN 

wwwwwww u won PPFPPPPPFPPPPPFPPPID bilan amma 

NUMBER OF CELL TRANSISTORS ALLING IN VERIFICATION S TN2 ( > INI ) ? 

Yes No 
STATE PROGRAMMING TO 

1 . 5 COMPLETO 
PROGRAMMING TOP STATE 

IS NOT COMPLETE 



U . S . Patent Mar . 26 , 2019 Sheet 15 of 27 US 10 , 241 , 552 B2 

FIG . 22 
a Vpoml 

MAANANTAINABANANA MAMA 
SELECTED WI g ng 

K Bar 

AAKAABAAEAAAH oooo NON - SELECTED WL M Ana 

FIG . 23 
ASSALAMUALA L atestetik besterik matikk 

wwwwwww wwwah tertentu yang member when there the heather 
DIRTY DATAO 

DIRTY DATAI 
fimm mm * * * * * * * * * * * * * * * * * * * * * * * * * * 

DIRTY DATA2 w 

m 

DIRTY DATA3 m 

WWWWWWWWWWWWWWWWWW 

1 . R ? ? : ) ' 
mm mm musim 

DIRTY DATA5 

DIRTY DATAÍ 
woning met WA 

DIRTY DATA ? 
amasis nama 

STRING UNIT 
. VUOKAA BLOCK 



U . S . Patent Mar . 26 , 2019 Sheet 16 of 27 US 10 , 241 , 552 B2 

FIG . 24 
t ex * * 

DIRTY DATAO 

NOT PROGRAMMED OUI 
KO 

DIRTY DATA1 

NOT PROGRAMMED CUS 
DIRTY DATA2 

WWWWWWWWWwwwww NOT PROGRAMMED 005 

DIRTY DATA3 

NOT PROGRAMMED OUT 
N 

SIRING UNIT 

BLOCK 
WWWWWWWWWWWW 

FIG . 25 
ORDINARY PARAMETER SETTING INSTRUCTION 

* * * * * * * * * * * * * * 

Dat19 EFXAIXA2XXXMXAS XWUXWB ] X [ XWB . ) be 

RY / BYO WWW 



U . S . Patent Mar . 26 , 2019 Sheet 17 of 27 US 10 , 241 , 552 B2 

Www . 48WwWwwWY oowwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwang NONVOLATILE MEMORY MEMORY CELL ARRAY GOGOROUGHLAutocado BLOCK SELECTED CELL UNIT WWWWWWWWWW MAWA 
m om 

W 

WWWWWWWWWWWWWWWWWW Www 

PAGE DATA 

FIG . 26 

ORDINARY PARAMETER SETTING INSTRUCTION 
MEMORY CONTROLLER 



U . S . Patent Mar . 26 , 2019 Sheet 18 of 27 US 10 , 241 , 552 B2 

FIG . 27 
PRIVILEGED PARAMETER SETTING 

INSTRUCTION 
YYYYYY vwwwvYTY * * * * * * * * * UUUUU 

Da [ 701 – ( AA ) X bsXpXWMXWBOXWB ] X [ XW80Y 
RY / BYO M 



U . S . Patent 

FIG . 28 

NONVOLATILE MEMORY MEMORY CELL ARRAY 

Mar . 26 , 2019 

BLOCK SELECTED CELL UNIT 

PRIVILEGED PARAMETER 

WYNAMNA 

Www 

WWWWWWWW 

NOTIONAJSNT INILUNS 
MEMORY ONTROLL 

iiiiiii 

PAGE DATA 

r 

. 

02 

AAN BBAXDXMM ) 

MYYTY 

Sheet 19 of 27 

YA 

WWWWWWWWWWWWWWWW 

WWWWWwwww 

US 10 , 241 , 552 B2 



U . S . Patent Mar . 26 , 2019 Sheet 20 of 27 US 10 , 241 , 552 B2 

FIG . 29 
PROGRAM LOO ? 

* * * * * * * * * * * * * * * * * * 

PROGRAM 
VERLICATION 

LING 

A 

. Vremel . DAB 
* MIELL Y 

A 

w 

SELECT WL 
Ww 
* 

Voass sie en wonen . wongan 
www wwwwwwwwww wwwwwww WWW 

NON - SELECT2 ) WL 

FIG . 30 
ROGRAM L002 

VERIFICATION 
PROGRAM 

29 

WWW 
TM LEITES 

NON - SELECTE . W wawesome WWW www . gmanet work time 



U . S . Patent Mar . 26 , 2019 Sheet 21 of 27 US 10 , 241 , 552 B2 

FIG . 31 
PROGRAM 100 

VESICALION 
SEOGHAM 

Vogm - Vogma 
WWW 

Ax Winnwed Vpassempli gong 
VYZ 

MON - SHIRT 19 . SVI 

. . 



U . S . Patent Mar . 26 , 2019 Sheet 22 of 27 US 10 , 241 , 552 B2 

FIG . 32 novou 
PROGRAM LOOP 

PROGRAM 

SELECTIO WL 

7 

VYYS 
NON - SELECTED WIJ LLLLLL444444441 

FIG . 33 
WWW 

SELECTED WI : ?????? 

ON 

NON - SELECIE W L : m 



U . S . Patent Mar . 26 , 2019 Sheet 23 of 27 US 10 , 241 , 552 B2 

FIG . 34 
MANUAL : PROGRAM INSTRUCTION 

* * * * * * * * ww w . * * * * * * * * * * * * * * * * * 

Dafro ) - ( NNEX ATXA2 X A3 XAF XAF X DO XLX DpX150 F1 . . 

FIG . 35 
DIRTY DATAO 

NOT PROGRAMMES CU 
NOT PROGRAMME ) CO O 

WVYAMA 
NOT P20GZAMMED QU W 

MEMORY 
CONTROL 

with her a nd 

Suzu We DIRTY JATAL 
Site 

NOROGRAMME 

www . LV NOT PROGRAMME ) CU - 

NOT PROGRAMMES OU 
wwwwwwwwww 

DIRTY ATA2 ANAK 
NOT OGRAMME ) CU 

NOT PROGRAMME ) OU YAPANGANYWAY % 

LALARARAMMAT 
NOT PROGRAMME ) CO 

NONVOLATILE MOMORY 



U . S . Patent Mar . 26 , 2019 Sheet 24 of 27 US 10 , 241 , 552 B2 

FIG . 36 
SU2 SUS SUO SUL 

ith Visus 
. 

th 
* * * 

sh OSALE 
W terputeht www enu 3 VRAT 

Flyer 

YA KRUGUAGERSKA www 
M 

Vouwwww 

M ias NUS 

Keuge AAKU wandewyn man 
una Jouw SUAL 

sudy 

Production 

FIG . 37 
SU SU3 SUO SUL 

4 

4 * wwwwwwwwwwwwwww wwww 
wa en wat deux 

* * * - * * * . Arar ih « * * * 
" 

* 1111 31 . 
5 . Fr 2 

w 74 V . 
9 

CANA 

ww 
* * * 

Y 

www www 

AYAMANA 194 INDELA wywanie 
4 

224 
Sudenkorb www 

Xhihih 



U . S . Patent Mar . 26 , 2019 Sheet 25 of 27 US 10 , 241 , 552 B2 

FIG . 38 
BIOGRAM 1002 

VERISICATION 
PPOCRAV 

Vogn = Vggms R A 

S21 : ECIE ) NL Ves L wwwwwwwwwwww 

TOMYM . NAM 

AV NON - SE : HCI ) WL 
44444444444 WWWWWWWWW RALLAR SALE 



U . S . Patent Mar . 26 , 2019 Sheet 26 of 27 27 US 10 , 241 , 552 B2 

FIG . 39 
WAS 

LAST SHUTDOWN GRACE UL 
WITRPRIOR NOTIFICATION ? 

WA MSMOBY CONTROLLE INSTRUCTS 
NONVOLATIL . MEMORY TO USE VOLTAGE 

vraadi12 

- S9 MEMOBY CONTROLLER BEADS DATA FROM 
EVACUATION BLOCK VWwwwwwwwwwwwww 

MEMORY CONTROLLER WRITES REA ) DATA 
INTO ANOTHER 3L0C 3Y NORMAL WRITE 

Within 
ARE ALL OF EVACUATED 
DATA RELOCATE ) INTO 

ANOTHER LOCK ? 

MEMOHY CONTROLLER INSTRUCIS 
NONVOLATILE MEMORY TO USE VOLTAGE immer 

VLeasil 

14 . 34 * * * utusu u w weten MA 

wwwwwwwwveen 

MEMORY SYSTEM OPERATES IN NORMAL MODE 



U . S . Patent Mar . 26 , 2019 Sheet 27 of 27 US 10 , 241 , 552 B2 

FIG . 40 

NUMBER OF CELL TRANSISTORS vodoog 
wVO 

THRESHOLD 
VOLTAGE 



US 10 , 241 , 552 B2 

MEMORY SYSTEM AND CONTROL FIG . 16 is a diagram illustrating a flow of a signal in 
METHOD normal single level write in the first embodiment . 

FIG . 17 is a diagram illustrating voltages applied to a 
CROSS - REFERENCE TO RELATED word line during normal single level write in the first 

APPLICATION 5 embodiment . 
FIG . 18 is a diagram illustrating an example of a signal 

This application is based upon and claims the benefit of DQ for transmitting an instruction of evacuation write in the 
priority from Japanese Patent Application No . 2016 - 183092 . first embodiment . 
filed Sep . 20 , 2016 , the entire contents of which are incor FIG . 19 is a diagram illustrating a flow of a signal in 
porated herein by reference . 10 evacuation write in the first embodiment . 

FIG . 20 is a diagram illustrating voltages applied to a 
FIELD word line during evacuation write in the first embodiment . 

FIG . 21 is a diagram illustrating counting process in 
Embodiments described herein relate generally to a evacuation write in the first embodiment . 

memory system and a control method . 15 FIG . 22 is a diagram illustrating voltages applied to a 
word line during evacuation write in the first embodiment . 

BACKGROUND FIG . 23 is a diagram illustrating dirty data writing in 
evacuation write in the first embodiment . 

A memory system including a semiconductor nonvolatile FIG . 24 is a diagram illustrating dirty data writing in 
memory ( semiconductor memory ) and a memory controller 20 evacuation write in the first embodiment . 
that controls the semiconductor nonvolatile memory is FIG . 25 is a diagram illustrating a flow of a signal for 
known . The memory system operates by receiving supply of changing an ordinary parameter in the first embodiment . 
power from the outside . The memory system may include an FIG . 26 is a diagram illustrating a flow of a signal in 
auxiliary power supply in order to make necessary data ( e . g . , evacuation write in the first embodiment . 
dirty data ) , which is not yet in a state of being non - volatile , 25 FIG . 27 is a diagram illustrating a flow of a signal for 
non - volatile after supply of power from the outside is cut off changing a parameter in the first embodiment . 
That is , the memory system uses the auxiliary power supply FIG . 28 is a diagram illustrating a flow of a signal in 
to make necessary data , which is not yet in a state of being evacuation write in the first embodiment . 
non - volatile , non - volatile . On the other hand , a period of FIG . 29 is a diagram illustrating another example of 
time is limited for the memory system to be driven by the 30 voltages applied to a word line during evacuation write in 
auxiliary power supply . the first embodiment . 

FIG . 30 is a diagram illustrating voltages applied to a 
DESCRIPTION OF THE DRAWINGS word line during evacuation write in a second embodiment . 

FIG . 31 is a diagram illustrating another example of 
FIG . 1 is a diagram illustrating a functional block of a 35 voltages applied to a word line during evacuation write in 

memory system of a first embodiment . the second embodiment . 
FIG . 2 is a diagram illustrating a functional block of a FIG . 32 is a diagram illustrating voltages applied to a 

nonvolatile memory of the first embodiment . word line during evacuation write in a third embodiment . 
FIG . 3 is a diagram illustrating elements and connections FIG . 33 is a diagram illustrating voltages applied to a 

of a single block of the first embodiment . 40 word line during evacuation write in the third embodiment . 
FIG . 4 is a diagram illustrating a sectional view of an FIG . 34 is a diagram illustrating an example of a signal 

example of a structure of the block of the first embodiment . DQ for transmitting an instruction of normal single level 
FIG . 5 is a diagram illustrating an example of address write in the third embodiment . 

assignment of a cell unit in the first embodiment . FIG . 35 is a diagram illustrating data writing in evacua 
FIG . 6 is a diagram illustrating another example of 45 tion write in a fourth embodiment . 

address assignment of a cell unit in the first embodiment . FIG . 36 is a diagram illustrating a first example of a data 
FIG . 7 is a diagram illustrating a first example of holding writing destination in evacuation write in the fourth embodi 

of data in the nonvolatile memory of the first embodiment . ment . 
FIG . 8 is a diagram illustrating a second example of FIG . 37 is a diagram illustrating a third example of a data 

holding of data in the nonvolatile memory of the first 50 writing destination in evacuation write in the fourth embodi 
embodiment . ment . 

FIG . 9 is a flowchart illustrating a process of an overall FIG . 38 is a diagram illustrating voltages applied to a 
operation of the memory system of the first embodiment . word line during evacuation write in the fourth embodiment . 

FIG . 10 is a diagram illustrating an outline of data writing FIG . 39 is a flowchart illustrating a restart process in the 
in a normal mode of the memory system of the first 55 memory system in a fifth embodiment . 
embodiment . FIG . 40 is a diagram illustrating voltages applied to a 

FIG . 11 is an example of a signal DQ for transmitting an non - selected word line in the restart process in the fifth 
instruction of normal write in the first embodiment . embodiment . 

FIG . 12 is a diagram illustrating a flow of signals in 
normal write in the first embodiment . 60 DETAILED DESCRIPTION 

FIG . 13 is a diagram illustrating voltages applied to a 
word line during normal write in the first embodiment . Embodiments provide a memory system capable of effi 

FIG . 14 is a diagram illustrating a counting process in ciently writing unwritten data ( including dirty data ) into a 
normal write in the first embodiment . non - volatile memory when supply of power from the outside 

FIG . 15 is a diagram illustrating an example of a signal 65 is stopped . 
DQ for transmitting an instruction of normal single level In general , according to one embodiment , a memory 
write in the first embodiment . system includes a nonvolatile memory , a controller that 
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controls the nonvolatile memory , and a backup power sup nonvolatile memory 100 and reads data ( host read data ) , for 
ply . In response to a detection that power from an external which reading is instructed by the host device 2 from the 
source to the memory system is interrupted , at which time nonvolatile memory 100 and transmits the read data to the 
power to the memory system starts to be supplied from the host device 2 . The nonvolatile memory 100 is a non - volatile 
backup power supply , the controller transmits a first com - 5 semiconductor memory and is , for example , a NAND flash 
mand to the nonvolatile memory to change a parameter for memory . 
a write operation and then transmits a second command to The memory controller 200 includes a host interface 210 , 
the nonvolatile memory to carry out a write operation , such a control unit 220 , a RAM 230 , a memory interface 240 , and 
that the nonvolatile memory carries out the write operation an ECC circuit 250 . The memory controller 200 includes , for 
using the changed parameter . 10 example , a processor such as a central processing unit 

When supply of power is suddenly stopped , it is possible ( CPU ) , a read only memory ( ROM ) , and a random access 
to provide a memory system capable of efficiently writing , memory ( RAM ) as hardware and executes some or all of the 
into the nonvolatile memory , data which is not written yet . functions of each of the host interface 210 , the control unit 

In the following , embodiments will be described with 220 , the memory interface 240 , and the ECC circuit 250 by 
reference to the accompanying drawings . In the following 15 causing the processor to execute firmware ( program ) stored 
description , elements having substantially the same function in the ROM . Some or all of the functions of each of the 
and configuration may be denoted by the same reference control unit 220 , the memory interface 240 , and the ECC 
symbols and a repetitive description thereof may be omitted . circuit 250 may be implemented in hardware . 
Descriptions of a certain embodiment are applicable to other The host interface 210 is connected with the host device 
embodiments except when excluded expressly or where 20 2 through a bus and manages communication between the 
obvious . memory controller 200 and the host device 2 . The host 

Each functional block described herein may be imple interface 210 includes the SATA , SAS , PCI express , or the 
mented in hardware , computer software , or a combination of like and any other method that are compatible with the host 
both hardware and computer software . In some cases , a interface may be employed . The control unit 220 is achieved 
function described herein as being executed by a particular 25 by , for example , some of functions of the processor and 
functional block may be executed by a different functional RAM . The control unit 220 manages overall control of the 
block . In addition , a functional block may be divided into memory controller 200 , controls the memory interface 240 , 
smaller functional sub - blocks . and controls cooperation of the RAM 230 and the memory 

Any of the steps in a process of a method in an embodi interface 240 . 
ment may be carried out according to a sequence different 30 RAM 230 temporarily holds pieces of data and functions 
from the illustrated sequence or concurrently with another as a buffer . The pieces of data include a piece of host write 
step as long as it is able to be executed in such a manner . data , a piece of data ( ( encoded ) write data ) to be written into 

In the specification and the claims , the term " connection ” the nonvolatile memory 100 , a piece of data ( encoded ) 
includes a direct connection and a connection through an memory read data ) read from the nonvolatile memory 100 , 
electrically conductive element . 35 and a piece of management data indicating a state of the 

nonvolatile memory 100 and being referenced by the control 
First Embodiment unit 220 for controlling the nonvolatile memory 100 . The 

buffer implemented with the RAM 230 includes a write 
< 1 . 1 . Configuration ( Structure ) > buffer 230A and a data buffer 230B . The write buffer 230A 
< 1 . 1 . 1 . Memory System > 40 holds a piece of host write data . The data buffer 230B holds 
FIG . 1 is a diagram illustrating a functional block of a a piece of ( encoded ) write data . 

memory system 1 of a first embodiment . The memory The memory interface 240 controls the nonvolatile 
system 1 may be a memory card , for example , a SDTM card memory 100 according to control of the control unit 220 and 
or a solid state drive ( SSD ) . determines a state of the nonvolatile memory 100 . The 

As illustrated in FIG . 1 , the memory system 1 is able to 45 memory interface 240 is realized by , for example , some of 
be connected with a host device 2 and communicates with functions of the processor and the RAM . 
the host device 2 . The host device 2 includes a power supply The memory interface 240 includes a command genera 
21 . The power supply 21 supplies power - supply voltage to tion unit 241 . The command generation unit 241 generates 
the memory system 1 . The power supply 21 may be provided various commands for executing a request from the control 
outside the memory system 1 separately from the host 50 unit 220 according to control of the control unit 220 . 
device 2 . The ECC circuit 250 converts payload data which 

The memory system 1 includes a semiconductor nonvola - includes the host write data and management data into an 
tile memory 100 , a memory controller 200 , and a power error correction code ( ECC ) codeword . The error correction 
supply control circuit 300 . The memory system 1 may code is generated by a known method . The ECC codeword 
include two or more chips of nonvolatile memory 100 . The 55 generally includes payload data and a piece of data for error 
power supply control circuit 300 receives a power - supply correction . The piece of data for error correction includes , 
voltage from the power supply 21 , includes a backup power for example , a piece of parity data generated on the basis of 
supply 310 and supplies the power - supply voltage from the the payload data . The ECC circuit 250 performs error 
power supply 21 or the backup power supply 310 to the correction on memory read data ( in a form of ECC code 
memory controller 200 and the nonvolatile memory 100 . 60 word ) and attempts to acquire correct data ( in which error is 
The backup power supply 310 includes a battery and / or a corrected ) included in memory read data ( for example , host 
capacitor . read data ) . If the number of errors is less than or equal to 

The memory controller 200 receives an instruction from correction capability determined by a technology of the error 
the host device 2 and controls the nonvolatile memory 100 correction code and the ECC circuit 250 , correct host read 
based on the received instruction . Specifically , the memory 65 data may be acquired . When the memory read data includes 
controller 200 writes data ( host write data ) , for which more errors than the correction capability of the ECC circuit 
writing ( program ) is instructed by the host device 2 , into the 250 , the ECC circuit 250 notifies the control unit 220 that 
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correct host read data is not acquired . The ECC circuit 250 ity of chips of nonvolatile memory 100 is performed by , not 
can correct errors of which number is less than or equal to only two , but also three or more chips of nonvolatile 
a reference value TN3 contained in the memory read data . memory 100 . 
Error correction capability by the ECC circuit 250 may be < 1 . 1 . 2 . Nonvolatile Memory > 
varied depending on settings of a code rate . 5 FIG . 2 illustrates a functional block of the nonvolatile 

The ECC circuit 250 can generate a product code . Gen memory 100 of the first embodiment . As illustrated in FIG . 
erating the product code includes , for example , generating 2 , the nonvolatile memory 100 includes elements of a 
other independent parity data from each bit string of a memory cell array ( cell array ) 11 , an input / output circuit 12 , 
plurality of separate pieces of write data . The generated an input / output control circuit 13 , a sequencer ( control 
product code is also written into the nonvolatile memory 100 circuit ) 14 , a voltage generation circuit 15 , a driver 16 , a 
as an independent piece of write data . When an error of a sense amplifier 17 , a column decoder 18 , a data latch 19 , and 
certain piece of write data is not correctable , the error may a row decoder 20 . 
be corrected from other write data and the independent piece The cell array 11 includes a plurality of memory blocks 
of parity data by using the product code . 15 BLK ( BLKO , BLK1 , and . . . ) . A block BLK is , for example , 

The memory interface 240 is connected to the nonvolatile a unit of data erasure and data are collectively erased in each 
memory 100 through a bus . When the nonvolatile memory block BLK . However , data may be erased in a unit which is 
100 is a NAND flash memory , the bus is a NAND bus and smaller than a single block BLK ( for example , one half of 
the following description and drawings are based on an block BLK ) . 
example of the NAND bus . The NAND bus transfers signals 20 Each block BLK includes a set of a plurality of string 
of CEn , CLE , ALE , WEn , REn , WPn , RY / BYn , DO , DOS , units SU ( SUO , SU1 , and . . . ) . Each string unit SU is a set 
and DQSn . In the present specification , n at the end of the of a plurality of NAND strings STR ( STRO , STRI , 
name of signal indicates an inverted logic of a signal whose and . . . ) . A string STR includes a plurality of memory cell 
name does not have n at the end of the name , and means that transistors MT . In the cell array 11 , wiring lines of a word 
the signal is asserted when being in a low level . 25 line WL , a bit line BL , a cell source line CELSRC , selection 

The signal DQ ( DQ0 to DQ7 ) has , for example , a 8 - bit gate lines SGDL and SGSL and the like are provided . 
width , and includes a command ( CMD ) , ( encoded ) write The input / output circuit 12 receives the signal DQ and 
data or memory read data ( DAT ) , an address signal ( ADD ) , transmits the signal DQ . The input / output circuit 12 trans 
status data ( STA ) and the like . Memory read data is referred mits data strobe signals DOS and DQSn . 
to hereafter simply as read data . 30 The input / output control circuit 13 receives various con 
An asserted signal CEn enables the nonvolatile memory trol signals from the memory controller 200 and controls the 

100 . An asserted signal CLE is input to the nonvolatile input / output circuit 12 based on the control signals . The 
memory 100 in parallel with the signal DQ to indicate that control signals include signals CEn , CLE , ALE , WEn , REn , 
the signal DQ is indicating a command CMD . An asserted and WPn and the data strobe signals DOS and DQSn . 
signal ALE indicates the nonvolatile memory 100 that the 35 The sequencer 14 receives the command CMD and the 
signal DQ input to the nonvolatile memory 100 in parallel address signal ADD from the input / output circuit 12 and 
with the signal ALE is indicating an address signal ADD . An controls the voltage generation circuit 15 , the driver 16 , the 
asserted signal WEn instructs the nonvolatile memory 100 to sense amplifier 17 , and the column decoder 18 based on the 
store the signal DQ input to the nonvolatile memory 100 in command CMD and the address signal ADD . The sequencer 
parallel with the signal WEn . An asserted signal REn 40 14 includes a register 14a and performs control based on 
instructs the nonvolatile memory 100 to output the signal values of various parameters in the register 14a . 
DQ . An asserted signal WPn instructs the nonvolatile The voltage generation circuit 15 receives power - supply 
memory 100 to prohibit writing and erasing of data . The from the outside of the nonvolatile memory 100 and gen 
signal RY / BYn indicates whether the nonvolatile memory erates various voltages from the power - supply . The gener 
100 is in a ready state or in a busy state , and a busy state is 45 ated voltage is supplied to elements such as the driver 16 or 
indicated at a low level . The nonvolatile memory 100 the sense amplifier 17 . The voltage generated by the voltage 
receives an instruction from the memory controller 2 in the generation circuit 15 includes , for example , voltage to be 
ready state and does not receive an instruction from the applied to the word line WL , the selection gate lines SGDL 
memory controller 2 in the busy state . and SGSL , and the source line CELSRC . The driver 16 

The signals DQS and DQSn sent from the memory 50 receives the voltages generated by the voltage generation 
controller 200 toward the nonvolatile memory 100 indicate circuit 15 and supplies selected voltages among the received 
the timing at which the signal DQ is to be captured . The voltages to the row decoder 20 according to control of the 
signals DOS and DQSn sent from the nonvolatile memory sequencer 14 . 
100 toward the memory controller 200 indicate the timing at The row decoder 20 receives various voltages from the 
which the signal DQ is to be captured . 55 driver 16 , receives the address signal ADD from the input / 
When the memory system 1 includes a plurality of chips output circuit 12 , selects a single block BLK based on the 

of nonvolatile memory 100 , the signal DQ is shared by the received address signal ADD , and transfers the voltage from 
plurality of chips of nonvolatile memory 100 . For example , the driver 16 to the selected block BLK . 
after the signal DQ is transmitted to a certain first chip of The sense amplifier 17 senses a state of the cell transistor 
nonvolatile memory 100 , the memory controller 200 trans - 60 MT , generates memory read data based on the sensed state . 
mits the signal DQ to another second chip of nonvolatile The sense amplifier 17 transfers the write data to the cell 
memory 100 while the first chip of nonvolatile memory 100 transistor MT . 
performs an operation based on the signal DQ . The first and The data latch 19 holds write data DAT from the input / 
second chips of nonvolatile memory 100 execute , for output circuit 12 and supplies the write data DAT to the 
example , an instructed operation in parallel . Such an instruc - 65 sense amplifier 17 . The data latch 19 receives memory read 
tion may be transmitted exclusively to a single chip of data DAT from the sense amplifier 17 and supplies memory 
nonvolatile memory 100 , and parallel operation of a plural - read data DAT to the input / output circuit 12 according to 
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control of the column decoder 18 . The column decoder 18 order , extend along the x - axis , and contact the block insu 
controls the data latch 19 based on the address signal ADD . lator IB . The conductor CS and the surface of the well region 

< 1 . 1 . 3 . Cell Array > pw sandwiches the tunnel insulator IT . The conductors CS , 
FIG . 3 illustrates an example of some elements and CW , and CD function as the selection gate line SGSL , the 

connections of the cell array 11 , elements and connections of 5 word line WLO to WL7 , and the selection gate line SGDL , 
a single block BLKO , and other relevant elements . A plu - respectively . In each string unit SU , the conductors CS , CW , 
rality of ( for example , all ) blocks BLK include elements and and CD contact the block insulators IB on the side surfaces 
connections illustrated in FIG . 3 , respectively . of all of the semiconductor pillars PL of the string unit SU . 
One block BLK includes string units SUO to SU3 . One Portions of the pillar PL , the tunnel insulator IT , the 

block BLK , however , may include only a single string unit 10 charge trapping layer CA , and the block insulator IB that 
SU . intersect with the conductors CS , CW , and CD respectively 

Each of m ( m is a natural number ) bit lines BLO to BLm - 1 function as the selection gate transistor ST , the cell transistor 
is connected to a single string STR in each of four string MT , and the selection gate transistor DT . A single string STR 
units SUO to SU3 in each block BLK . is configured with the transistors ST , MT , and DT sharing the 

Each string STR includes a single selection gate transistor 15 pillar PL and being aligned along the z - axis . 
ST , n ( n is a natural number ) memory cell transistors MT , In a region inside the surface of the well region pw , a p + 
and a single selection gate transistor DT ( DTO to DT3 ) . type impurities diffusion layer DP is provided . The diffusion 
Transistors ST , MT , and DT are connected in series between layer DP is connected with a conductor CCW through a 
the source line CELSRC and a single bit line BL in this conductive plug ( contact plug ) CPW . The plug CPW spreads 
order . FIG . 3 illustrates an example of eight cell transistors 20 along the xz plane . 
MTO to MT7 . The cell transistor MT includes a control gate In the region inside the surface of the well region pw , an 
electrode and a charge trapping layer insulated from the n + type impurities diffusion layer DN is provided . The 
surrounding and hold data in non - volatile based on an diffusion layer DN is connected with a conductor CCS 
amount of charge within the charge trapping layer . Writing through a conductive plug CPS . The conductor CCW func 
causes electrons to be injected ( trapped ) into the charge 25 tions as a cell source line CELSRC . 
trapping layer of the cell transistor MT . In a region where the conductors CS , CW , CD , CCS , and 

A single string unit SU is configured with a plurality of CCW and the plugs CPS and CPW are not provided , an 
strings STR each of which is connected to one of a plurality insulator IIL1 is provided . 
of different bit lines BL . In each string unit SU , each of A unique physical address is assigned to each cell unit CU 
control gate electrodes ( gate ) of the cell transistor MT to 30 in a single chip of nonvolatile memory 100 . FIG . 5 illustrates 
MT7 is connected to one of word lines WL0 to WL7 . In each an example of address assignment in a single block BLK , 
block BLK , the word lines WLO to WL7 within different e . g . , block BLKO . As illustrated in FIG . 5 , a minimum 
string units SU are also connected to each other . A set of the address ( for example , 0 ) within the block BLK is assigned 
cell transistors MT sharing a same word line WL within a to the cell unit CU of the string unit SUO connected with the 
single string unit SU is referred to as a cell unit CU . 35 word line WLO . A maximum address ( for example , 31 ) 

Transistors DTO to DT3 belong to string units SUO to within the block BLK is assigned to the cell unit CU of the 
SU3 , respectively . For each a ( a is 0 or a natural number of string unit SU3 connected with the word line WL7 . 
3 or less ) , a gate of each transistor DTa of a plurality of Addresses 1 , 2 , and 3 are respectively assigned to the cell 
strings STR of a string unit SUa is connected to a selection units CU of the string units SU1 , SU2 , and SU3 of the word 
gate line SGDLa . A gate of the transistor ST is connected to 40 line WLO . Addresses 4 , 5 , 6 , and 7 are assigned to the cell 
a selection gate line SGSL . units CU of the string units SUO , SUI , SU2 , and SU3 

Each block BLK has the structure illustrated in FIG . 4 . As connected with the word line WL1 . Similarly , addresses are 
illustrated in FIG . 4 , a string unit SU is provided over a assigned to four cell units CU of a certain word line WL in 
substrate sub . The substrate spreads along the xy - plane and ascending order of a string unit SU and addresses are aligned 
includes a p type well region pw on the surface . Each string 45 in ascending order of an address of a word line WL . In a next 
unit SU includes a plurality of strings STR aligned along the block , e . g . , block BLK1 , addresses are assigned in a similar 
X - axis . Each string STR includes a semiconductor pillar PL . manner beginning with the next address after the maximum 
The pillar PL extends along the z - axis , contacts the well address of block BLKO . FIG . 6 illustrates an example of 
region pw in the bottom , and functions as a body and a address assignment in a case where a single block BLK 
channel region of the transistors MT , DT , and ST . The top of 50 includes k string units SU and a single string STR includes 
the pillar PL is connected to a conductor CT through a n cell transistors MT . However , the address assignment 
conductive plug CPP . The conductor CT extends along the scheme of FIGS . 5 and 6 is one example , respectively . 
y - axis , functions as a single bit line BL , is spaced apart from Addresses may be assigned in a manner different from that 
other conductors CT , which are positioned at other coordi - in FIGS . 5 and 6 . 
nates on the x - axis , at a predetermined interval . Side surface 55 When ( encoded ) write data is to be written into the 
( outer surface ) of the pillar PL is covered with tunnel nonvolatile memory 100 or memory read data is to be read 
insulators ( layer ) IT . The tunnel insulator IT spreads also on from the nonvolatile memory 100 , the memory controller 
the well region pw . Side surface ( outside ) of the tunnel 200 specifies a cell unit CU which is a reading target or a 
insulator IT is covered with charge trapping layers CA . The writing target by a physical address in an address signal 
charge trapping layer CA is an insulating or conductive layer 60 ADD . 
and side surface ( outer surface ) is covered with block < 1 . 1 . 4 . Cell Transistor > 
insulators ( layer ) IB . The nonvolatile memory 100 can hold data of one or more 

In each string unit SU , a single conductor CS , a plurality bits in a single cell transistor MT . FIG . 7 illustrates , as a 
of conductors CW ( for example , 8 CWs ) , and three conduc - result of writing ( programming ) , a distribution of threshold 
tors CD are provided above the well region pw . A plurality 65 voltages of the cell transistors MT in which 1 - bit data per a 
of conductors CS may also be provided . The conductors CS , single cell transistor is held ( i . e . an SLC mode ; a single level 
CW , and CD are aligned along the z - axis at an interval in this cell mode ) . The threshold voltage of each cell transistor MT 
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has a value according to 1 - bit data which is held . Each cell threshold voltage greater than or equal to the read voltages 
transistor MT may have any of two modes of threshold VA , VB , and VC respectively remain in an off state even 
voltages , corresponding Er and P states . when the read voltages VA , VB , and VC are respectively 

A plurality of cell transistors MT holding the same 1 - bit applied to the control gate electrode thereof . On the other 
data ( e . g . , 0 or 1 ) may have different threshold voltages from 5 hand , the cell transistors MT having the threshold voltages 
each other due to variations in characteristics of the cell less than the read voltages VA , VB , and VC are respectively 
transistor MT . For that reason , the threshold voltages of the turned on when the read voltages VA , VB , and VC are 
plurality of cell transistors MT holding the same data defines applied to the control gate electrode thereof . The read pass a distribution . As between two threshold voltages , the cell voltage Vread2 is applied to the control gate electrode of the transistors MT belonging to the lower threshold voltages 10 cell transistor MT which is a non - reading target and is higher have an Er state and the cell transistors MT belonging to the than any of the threshold voltages of the cell transistors MT . upper threshold voltages have a P state . The Er state corre When multiple - bit data is held per cell transistor MT , a sponds to an erased state . In general , data is written into the 
cell transistor MT which is in the erased state . The Er state single page is made up of a set of bits in the same 
and P state are respectively handled as , for example , states 15 DI 16 bit - position of the cell transistors MT of a single cell unit 
holding data of “ 1 ” and data of “ O ” . A different correspon CU . When 2 - bit data is held per a single cell transistor MT , 
dence , however , may be used for the state and data to be an upper page is made up of high - order bits of the cell 
held . transistors MT of a single cell unit CU . A lower page is made 

The threshold voltage of the cell transistor MT which is up of low - order bits of the cell transistors MT of a single cell 
in a P state is higher than the threshold voltage of the cell 20 unit CU . 
transistor MT which is in the Er state . The cell transistor MT I n order to verify programming of A state , B state , and C 
having the threshold voltage greater than or equal to a read state , verification voltages AV , BV , and CV are used . When 
voltage VP is determined as being in the P state and remains the selected cell transistors MT to be programmed at the A 
in an off state even when the read voltage VP is applied to state , B state , and C state have threshold voltages greater 
its control gate electrode . On the other hand , the cell 25 than or equal to the verification voltages AV , BV , and CV , 
transistor MT having the threshold voltage less than the read respectively , it is determined that programming to the cell 
voltage VP is turned on when the read voltage VP is applied transistor MT programmed to be the corresponding level is 
to its control gate electrode . The read pass voltage Vread1 is completed . The verification voltages BV and CV are higher 
applied to the control gate electrode of the cell transistor MT than the verification voltages AV and BV , respectively . 
which is a non - reading target and is higher than any of the 30 In further embodiment , data of 3 - bit ( a TLC mode ; a triple 
threshold voltages of the cell transistors MT . level cell mode ) or more may also be held per cell transistor 

While writing ( programming ) is performed , the verifica - MT by expanding the principles described above . 
tion voltage PV is used in order to confirm completion of the < 1 . 2 . Operation > 
writing ( verification ) . The verification refers to confirmation < 1 . 2 . 1 . Overall Operation > 
whether programming of the cell transistor MT to which 35 FIG . 9 illustrates a process of an overall operation of the 
data is to be programmed has completed . If the cell transistor memory system 1 . As illustrated in FIG . 9 , the memory 
( selected cell transistor ) MT to which data is to be written system 1 receives the power - supply voltage from outside , 
has a threshold voltage greater than or equal to a voltage PV , for example , the power supply 21 , and starts to operate ( Step 
it is determined that writing into the cell transistor MT has S1 ) . Next , the memory controller 200 determines whether 
completed 40 the last shutdown ( the stopping of supply of the power 

FIG . 8 illustrates , as a result of writing ( programming ) , a supply voltage from the outside of the memory system 1 ) has 
distribution of threshold voltages of the cell transistors MT occurred without prior notification from the host device 2 
in which 2 - bit data is held per cell transistor ( i . e . an MLC ( Step S2 ) . For example , stopping of supply of the power 
mode ; a multi - level cell mode ) . The threshold voltage of supply voltage may be caused by a user of the host device 
each cell transistor MT has a value corresponding to any of 45 2 and performed without particular notification ( an abrupt 
four modes of threshold voltages . The cell transistors MT shutdown ) . Accordingly , stopping of supply of the power 
that belong respectively to four modes in order from the supply voltage from the host device 2 to the memory system 
lowest mode are respectively in the Er state , A state , B state , 1 may not be notified before the stopping . When supply of 
and C state . The Er state , A state , B state , and C state are the power - supply voltage from the outside is stopped , the 
managed as , for example , states holding " 11 " data , “ 01 ” 50 memory controller 200 saves information indicating 
data , " 00 " data , and “ 10 " data , respectively . A different whether prior notification is made or not in a block BLK of 
correspondence , however , may be used for the state and data the nonvolatile memory 100 . In Step S2 , the memory 
to be held . controller 200 obtains information about the presence / ab 

The threshold voltages of the cell transistors having the A sence of the prior notification . In the case of absence of the 
state , B state , and C state are higher than the threshold 55 prior notification , evacuation block ( s ) into which the 
voltages of the cell transistors having the Er state , A state , memory controller 200 performed an evacuation write in the 
and B state , respectively . The cell transistor MT having the last shutdown process needs to be freed up in preparation for 
threshold voltage less than the read voltage VA is determined a possible subsequent shutdown without prior notification . 
as being in the Er state . The cell transistor MT having the When the prior notification has been made ( a graceful 
threshold voltage greater than or equal to the read voltage 60 shutdown ) ( Yes branch in Step S2 ) , the memory system 1 
VA and less than the read voltage VB is determined as being operates in a normal mode ( Step S3 ) . In the normal mode , 
in the A state . The cell transistor MT having the threshold the memory system 1 is in a normal state . In the present 
voltage greater than or equal to the read voltage VB and less specification , the normal state refers to a state in which the 
than the read voltage VC is determined as being in the B memory system 1 receives the power - supply voltage from 
state . The cell transistor MT having the threshold voltage 65 outside ( for example , from the host device 2 ) . In the normal 
greater than or equal to the read voltage VC is determined mode , the memory system 1 performs various operations 
as being in the state . The cell transistor MT having the according to the received instruction from the host device 2 . 
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In the normal mode , the memory controller 200 writes write During the evacuation write , the memory controller 200 
data into a block BLK in response to a writing instruction writes , into a block BLK , a piece of data indicating whether 
from the host device 2 . stopping of the supply of the power - supply voltage from the 

The host device 2 stops supplying the power - supply host device 2 has occurred with or without receiving the 
voltage to the memory system 1 ( Step S4 ) . Stopping of 5 prior notification from the host device 2 . 
supply of the power - supply voltage may be caused by , for After passing a period of time during which the supply of 
example , a user of the host device 2 and performed without the power - supply voltage by the backup power supply 310 
prior notification as described above . is possible , the memory system 1 is turned off ( Step S7 ) . 

The power supply control circuit 300 monitors whether After that , when the memory system 1 starts to receive the 
the power - supply voltage is being supplied from the host power - supply voltage from outside , for example , the power 
device 2 and detects stopping of the supply of the power supply 21 ( Step S1 ) , the memory system 1 is activated again . 
supply voltage when the supply of the power - supply voltage If last stopping of supply of the power - supply voltage is 
is stopped . When it is determined that the supply of the occurred without prior notification ( an abrupt shutdown ) 
power - supply voltage from the host device 2 is stopped , the 15 ( No branch in Step S2 ) , the process makes transition to Step 
power supply control circuit 300 starts to supply the power S9 . In Step S9 , the memory controller 200 relocates the data 
supply voltage from the backup power supply 310 to the subjected to the evacuation write , that is , the memory 
memory controller 200 and the nonvolatile memory 100 controller 200 reads memory read data from the block BLK 
( Step S5 ) . With this , the memory system 1 starts to operate subjected to the evacuation write , performs error correction 
by the power - supply voltage from the backup power supply 20 on the obtained memory read data , writes the memory read 
310 . data of which error is corrected into another block BLK by 

The memory controller 200 operates in an evacuation the normal write . After that , the memory system 1 makes 
mode while being operated by the power - supply voltage transition to Step S3 . In the following , a block subjected to 
from the backup power supply 310 . In the evacuation mode , the evacuation write is referred to as an evacuation block 
the nonvolatile memory 100 obtains a single or a plurality of 25 BLKb . After the relocating , data in the evacuation block 
parameters with a setting ( a value ) different from that in the BLKb is erased at an appropriate timing . 
normal mode . A method for performing operation in the In the evacuation write , alternatively , data may be written 
evacuation mode will be described later . The memory con - into a specific block BLK . For example , a specific block 
troller 200 performs evacuation write in the evacuation BLK that is fixedly assigned may be used as an evacuation mode ( Step S6 ) . The evacuation write is usually performed 30 write destination and remaining blocks are used in the in the evacuation mode and includes writing , into the normal mode among all blocks BLK capable of being used nonvolatile memory 100 , of specific data stored in the RAM 
230 which are not yet written into the nonvolatile memory by the memory controller 200 . 

< 1 . 2 . 2 . Writing in Normal Mode > 100 ( dirty data ) . The backup power supply 310 has a limited 
capacitance and can supply the power - supply voltage to the 35 FIG . 10 illustrates an outline of data writing in a normal 
memory controller 200 and the nonvolatile memory 100 mode , that is , during normal period . In the following , 
only for a limited period of time . Accordingly , the evacua - writing in the normal mode is referred to as normal write . 
tion write needs to be completed during the limited period of The memory system 1 receives writing instruction and 
time . The memory system 1 is configured so that the host write data associated with the instruction from the host 
evacuation write is completed while the power - supply volt - 40 device 2 . When all of the host write data associated with the 
age is being supplied by the backup power supply 310 . instruction has been received , the memory controller 200 
Details of the configuration will be described later . transmits a completion response of the instruction to the host 

The memory controller 200 reserves ( pools ) a predeter device 2 . At this timing , host write data is stored in the write 
mined number of blocks BLK that are in the erased state in buffer 230A , and is not yet actually programmed into the 
order to prepare for the evacuation write . That is , the 45 nonvolatile memory 100 yet . The memory controller 200 
memory controller 200 maintains the predetermined number does not immediately write the host write data into the 
of blocks BLK in the erased state while in the normal mode . nonvolatile memory 100 . Instead , the memory controller 
The memory controller 200 performs the evacuation write 200 accumulates the host write data in the write buffer 230A 
on the block BLK described above . A block to be subjected to a certain amount and then writes the accumulated host 
to the evacuation write can be dynamically assigned from 50 write data into a block BLK . Specifically , for example , when 
among the pooled blocks in the erased state at the timing of a predetermined amount of host write data is accumulated in 
the shutdown , instead of being fixedly assigned . A block of the write buffer 230A ( in the RAM 230 ) , the memory 
the pooled erased blocks is assigned to a destination of a controller 200 starts to transfer host write data to the 
normal write process instead , if any shutdown does not nonvolatile memory 100 for writing , by generating ( en 
occur during when the block is on duty . 55 coded ) write data by appending parity data to the host write 

After the evacuation write , the memory controller 200 data in the data buffer 230B and transferring the generated 
does not perform a step ( S8 ) for reading from the nonvolatile write data into the nonvolatile memory 100 . In the follow 
memory 100 a status about a result of the evacuation write ing , the host write data that is not programmed into the 
of the nonvolatile memory 100 . For that reason , the memory nonvolatile memory 100 yet and of which completion 
controller 200 does not determine the result of evacuation 60 response has already been transmitted to the host device 2 is 
write and does not perform a step for retry writing . The retry referred to as dirty data . A dirty data is not limited to a host 
writing may be performed when writing of data to cell unit write data , but may include a management data of the 
CU has failed , and includes writing of the same data again memory controller 200 such as a piece of a logical - to 
into another cell unit CU . The retry writing is performed physical address translation table . 
usually in normal write process . However , in the embodi - 65 FIG . 11 illustrates an example of a signal DQ input to the 
ments , the memory controller 200 does not perform retry nonvolatile memory 100 from the memory controller 200 for 
writing ( Step S8 ) . transmitting an instruction of normal write . FIG . 11 also 
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illustrates a signal RY / BYn . The nonvolatile memory 100 to the program voltage Vpgm , between the channel and the 
recognizes the normal write instruction illustrated in FIG . selected word lines WL is based on write data . In the 

following , a string STR including a selected cell transistor 
The normal write instruction includes a command X1h , a MT by which a potential difference of approximately equal 

command 80h , address signals Al to A5 over 5 cycles , write 5 to the program voltage Vpgm is generated is referred to as 
data DO to Dp ( p is a natural number ) , and a hold command a programmable string STR . On the other hand , a string STR 
UUh . including a selected cell transistor MT by which a potential 

The write command 80h instructs that a plurality of bits difference of approximately equal to the program voltage 
( multi - bits ) are to be written per cell transistor MT . The Vpgm is not generated is referred to as a program inhibited 
command X1h indicates that data for a first bit among a 10 string STR . During programming process , the sequencer 14 
plurality of bits of cell transistors MT follows and when continues applying the voltage Vss to the bit line BL 
2 - bit are to be stored per a single cell transistor MT , indicates connected with the programmable string STR and continues 
that data of a lower page follows . applying the voltage Vinh to the bit line BL connected with 

The address signals A1 to A5 designate a write target the program inhibited string STR . The voltage Vss is , for 
region in a block BLK among of the plurality blocks of the 15 example , 0 V , the voltage Vinh is higher than the voltage Vss 
nonvolatile memory 100 , and include an address of a word and is , for example , the power - supply voltage Vdd . 
line ( selected word line ) WL , that is connected to a cell unit During the programming process , the sequencer 14 con 
( selected cell unit ) CU including cell transistors MT which tinues applying the voltage Vsgd to the selection gate line 
provide a storing space for a write target page ( selected SGDL of a string unit ( selected string unit ) SU including a 
page ) . A cell transistor MT within the selected cell unit CU 20 selected cell unit CU and continues applying the voltage Vss 
is referred to as a selected cell transistor MT . The word lines to the selection gate line SGSL . The voltage Vsgd has the 
WL other than the selected word line WL are referred to as magnitude that causes the selection gate transistor DT in the 
non - selected word lines WL . programmable string STR to be on and the selection gate 

The write data ( DO to Dp ) has the same size as a page . The transistor DT within the program inhibited string STR to be 
hold command UUh indicates that an instruction to write 25 off . 
data of another page ( a set of bits at another bit position ) into While the voltage is applied to the bit line BL and the 
the selected cell unit CU follows . selection gate lines SGDL and SGSL , the sequencer 14 

The writing instruction for data of another page of the applies the voltage Vpgm to the selected word line WL and 
selected cell unit CU and write data are transmitted from the applies the program pass voltage Vpass to the non - selected 
memory controller 200 to the nonvolatile memory 100 . In 30 word line WL over a program voltage application time 
order to indicate transmission of data for a different page , a Tvpgm . The program pass voltage Vpass has the magnitude 
different command ( X2h , Xnh or the like ) precedes the write capable of raising the channel potential by coupling to a 
command 80h . When a writing instruction for all pages to be degree such that an increase of threshold voltage in the 
written into the selected cell unit CU and the write data have selected cell transistor MT can be prevented in the program 
been transmitted to the data latch 19 of the nonvolatile 35 inhibited string STR while preventing an increase of the 
memory 100 , the execution command 10h is transmitted threshold voltage of a non - selected cell transistor MT in the 
instead of the hold command UUh . When the execution programmable string STR . As the result of the application of 
command 10h is received , the nonvolatile memory 100 the voltages Vpgm and Vpass , the program voltage Vpgm is 
starts to program the instructed write data into the selected applied to the selected word line WL in the cell transistor , 
cell unit CU . During programming , the nonvolatile memory 40 which is included in the programmable string STR , among 
100 continues to output a signal RY / BYn ( of a low level ) the selected cell transistors MT and electrons are injected 
indicating a busy state . into the charge trapping layer of the cell transistor . Few or 

In response to the normal write instruction , the nonvola - no electrons are injected into the selected cell transistor MT 
tile memory 100 , as illustrated in FIG . 12 , writes data ( lower of the program inhibited string STR . 
page data and upper page data in this example of a plurality 45 In step - up programming process , program voltages Vpgm 
of pages into the selected cell unit CU . differ in different program loops . The program voltage 

The normal write includes a plurality of program loops Vpgm in each program loop is higher than the program 
illustrated in FIG . 13 . FIG . 13 illustrates voltages applied to voltage Vpgm in the preceding program loop by an incre 
the selected word line WL and the non - selected word line ment AVpgml . In the first program loop , a start program 
WL over time during the programming in the nonvolatile 50 voltage Vpgms is applied to the selected word line WL . 
memory 100 of the first embodiment . During verification process , the sequencer 14 applies the 

Each program loop includes programming process , veri - voltage Vsg to the selection gate line SGDL and the selec 
fication process , and counting process . Programming pro - tion gate line SGSL of the selected string unit SU of the 
cess includes applying of a program voltage Vpgm to a selected cell unit CU . The voltage Vsg has the magnitude 
selected word line WL . During programming process , sev - 55 capable of turning the selection gate transistor SDT and SST 
eral of a plurality of selected cell transistors MT forms a on . The sequencer 14 applies the read pass voltage Vread2 
voltage difference , which is equivalent ( substantially equal to the non - selected word line WL , applies the verification 
to the program voltage Vpgm , between the channels and the voltages AV , BV , or CV or two or more of the verification 
word lines WL due to application of the program voltage voltages AV , BV , and CV to the selected word line WL in 
Vpgm to the selected word line WL in order to raise the 60 sequence . A string STR including a selected cell transistor 
threshold voltage . However , a voltage difference as large as MT passing the verification in a certain program loop is 
the program voltage Vpgm is not formed between the managed as the program inhibited string STR in the next 
channels and the selected word lines WL even by application program loop and succeeding program loops . 
of the program voltage Vpgm to the remaining selected word in counting process , as illustrated in FIG . 14 , the 
lines WL among a plurality of selected cell transistors MT . 65 sequencer 14 counts selected cell transistors MT which does 
Whether a certain selected cell transistor MT generates or not have a threshold voltage greater than or equal to a 
does not generate a voltage difference , which is equivalent verification voltage XV ( failing in the verification ) ( labeled 
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as a character “ F ” in FIG . 14 ) , among all the selected cell cess is performed for a single level because the selected cell 
transistors MT which are to be programmed to a certain state transistor MT has a single state other than the Er state . As in 
X ( X is A , B , or C ) . The sequencer 14 counts the selected cell the case of the normal multiple - level write , the counted 
transistor MT failing in the verification ( fail bit ) among all number is compared with the reference value TN1 . 
the selected cell transistors MT which are to be programmed 5 < 1 . 2 . 3 . Data Protection in Evacuation Write > 
to the X state . When the counted number is less than or equal In Step S6 of FIG . 9 , the memory controller 200 generates 
to a reference value TN1 ( STN3 ) , the sequencer 14 deter ( encoded ) write data by appending parity data to payload 
mines that programming of the selected cell transistor MT to data ( such as dirty data ) during the evacuation write to the 
the X state is completed . The reference value TN1 is nonvolatile memory 100 . Further , the control unit 220 of the 
determined based on , for example , data error correction 10 memory controller 200 may generate a product code from a 
capability and the error correction unit ( ECC codeword ) of plurality of write data using the ECC circuit 250 . The 
the ECC circuit 250 . As long as there is a state in which the product code is written into the nonvolatile memory 100 as 
program is not completed , the program loop is repeated up another piece of write data . Alternatively or additionally , the 
until the maximum number of program loops has been memory controller 200 can replicate the write data and write 
reached . When it is determined that the program is com - 15 the replicated copies of the write data into a plurality of cell 
pleted for all states , the programming process is finished units CU of the same or another block BLK based on the 
When the programming process is finished , the nonvolatile same data ( for example , host write data ) . The product code 
memory 100 turns the signal RY / BYn to a high level and to and / or replicated data written in the evacuation write is 
indicate a ready state . When the programming process is not erased at an appropriate timing during the normal mode after 
completed and the maximum number of program loops has 20 relocating of the dirty data saved by the evacuation write to 
been reached , the nonvolatile memory 100 indicates a failed another block BLK ( Step S9 ) in the normal write mode is 
state for the writing . completed . 

The memory controller 200 transmits a certain command < 1 . 2 . 4 . Evacuation Write > 
prior to the write command 80h to instruct that 1 - bit data per In the evacuation write process , 1 - bit write per cell 
a single cell transistor MT ( SLC ) is to be programmed into 25 transistor ( SLC programming ) is performed with a different 
the nonvolatile memory 100 . In the following , writing 1 - bit setting ( value ) for a single or a plurality of parameters from 
data per cell transistor MT in the normal mode is referred to the one in the normal mode . More specifically , a parameter 
as a normal single level write . In the following , writing having a value different from the value in the normal single 
multiple - bit data per cell transistor MT in the normal mode level write mode is used in the evacuation write . The 
illustrated in FIGS . 11 and 12 will be simply referred to as 30 evacuation write instruction can be instructed by a plurality 
the normal write or normal multiple - level write . of methods . The plurality of methods include using a dedi 

FIG . 15 illustrates an example of a signal DQ input to the cated command and using a combination of changing a 
nonvolatile memory 100 from the memory controller 200 for parameter and issuing a generic command . 
transmitting the instruction of the normal single level write . < 1 . 2 . 4 . 1 . Evacuation Write by Dedicated Command > 
The nonvolatile memory 100 recognizes the normal single 35 The memory controller 200 transmits an evacuation write 
level write instruction illustrated in FIG . 15 . instruction to the nonvolatile memory 100 for the evacuation 

The normal single level write instruction includes a write . FIG . 18 illustrates an example of a signal DQ input to 
command XXh , a write command 80h , address signals Al to the nonvolatile memory 100 from the memory controller 
A5 , write data DO to Dp , and an execution command 15h . 200 for transmitting the instruction of the evacuation write . 
The address signals A1 to A5 include an address of the 40 The nonvolatile memory 100 recognizes the evacuation 
selected word line WL . When the command 15h is received , write instruction illustrated in FIG . 18 . 
the nonvolatile memory 100 starts to program the received The evacuation write instruction includes a command 
write data into the selected cell unit CU . YYh , a write command 80h , address signals Al to A5 , write 

In response to the normal single level write instruction , data DO , . . . , Dp , and a command 15h . When the evacuation 
the nonvolatile memory 100 programs data of a single page 45 write instruction is received , as illustrated in FIG . 19 , the 
into the selected cell unit CU as illustrated in FIG . 16 . nonvolatile memory 100 writes data of a single page into the 

Similarly to the normal multiple - level write , the normal selected cell unit CU in a block BLK . As in the normal single 
single level write includes a plurality of program loops as level write , data of a single page is written into the selected 
illustrated in FIG . 17 . FIG . 17 illustrates voltages applied to cell unit CU in the evacuation write . 
the selected word line WL and the non - selected word line 50 The evacuation write has some features that are the same 
WL over time during the normal single level write in the as those in the normal single level write . As one of the same 
nonvolatile memory 100 of the first embodiment . The nor features , as illustrated in FIG . 20 , a plurality of program 
mal single level write is different from the normal multiple - loops are included in the evacuation write . FIG . 20 illus 
level write in the number of levels of the verification trates voltages applied to a selected word line WL and a 
voltages applied in each program loop . In the normal single 55 non - selected word line WL over time during the evacuation 
level write , each verification process includes an application write in the nonvolatile memory 100 of the first embodi 
of only a single verification voltage PV . During the verifi - ment . 
cation process , the read pass voltage Vreadl is applied to the On the other hand , the evacuation write has some different 
non - selected word line WL . features from the normal single level write , as described in 

The program voltage Vpgm in each program loop is 60 the following . Firstly , as illustrated in FIG . 20 , the sequencer 
higher than the program voltage Vpgm in the previous 14 can apply the start program voltage VpgmsL to the 
program loop by an increment AVpgm2 . The increment selected word line WL in the first program loop in the 
AVpgm2 may be the same as or different from the increment evacuation write . The start program voltage VpgmsL is 
AVpgm1 for the normal multiple - level write . greater than the start program voltage Vpgms in the normal 

Also , counting process in the normal single level write is 65 single level write . 
performed basically in the same way as in the normal Secondly , as illustrated in FIG . 20 , the sequencer 14 can 
multiple - level write ( see FIG . 14 ) . However , counting pro - increase , as the number of program loops increases , a value 

111 L . 
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of the program voltage Vpgm by an increment AVpgmL in ment AVpgml , the read pass voltage Vread2 , and the 
the evacuation write . The increment AVpgmL is greater than program voltage application time Tvpgm in the multiple 
the increment AVpgm2 in the normal single level write level write and the single level write . However , the 
mode . sequencer 14 can change the value for the parameter . 

Thirdly , as illustrated in FIG . 21 , the sequencer 14 can use 5 FIG . 25 illustrates an example of a signal DQ input to the 
a reference value TN2 ( TN3 ) in the evacuation write instead nonvolatile memory 100 from the memory controller 200 for 
of the reference value TN1 . The reference value TN2 in the transmitting the instruction of setting parameters . The non 
evacuation write is greater than the reference value TN1 in volatile memory 100 recognizes the ordinary parameter 
the normal single level write mode . That is , in the evacuation setting instruction illustrated in FIG . 25 . The memory con 
write , the sequencer 14 determines that writing is completed 10 troller 200 sets the value of the ordinary parameter using the 
even when there remain more selected cell transistors MT 
failing in the verification than in the normal single level The ordinary parameter setting instruction includes a 
write mode . Error correction capability by the ECC circuit command EFh , address signals Al to A5 over 5 cycles , and 
250 in the evacuation write can be set to be higher than error data WB ( WBO , WB1 , . . . , and WBq ( q is a natural 
correction capability in the normal single level write mode 15 number ) ) . The address signals Al to A5 designate a set of 
by , for example , lowering the code rate . parameters . Data WB includes a value for setting . A certain 

The sequencer 14 can use , for the evacuation write , one , address signal designates ID = 0 and designates a set of 
two or all of the start program voltage VpgmsL , an incre - parameters of which ID = 0 . Another ID = 1 designates a set of 
ment AVpgmL , and the reference value TN2 . Which of those other parameters . 
parameters are to be used can be determined by the 20 When data WBq is received , the nonvolatile memory 100 
sequencer 14 in advance and can be unchanged . As for those sets a set of designated parameters to the designated value . 
parameters for which a special value has not been designated The value which is set by the command Efh remains until the 
for the evacuation write , the default value for the normal value is reset or the nonvolatile memory 100 is turned off . 
single level write mode is used . For the evacuation write , the memory controller 200 , as 
When one or both of the start program voltage VpgmsL 25 illustrated in FIG . 26 , transmits an ordinary parameter 

and the increment AVpgmL for the evacuation write is used , setting instruction to the nonvolatile memory 100 to set a 
the sequencer 14 , as illustrated in FIG . 22 , can use a program related parameter and thereafter transmits the normal single 
voltage application time Tvpgms instead of a program level write instruction to the nonvolatile memory 100 . The 
voltage application time Tvpgm in the normal single level set parameters are the same as those described with refer 
write mode . The program voltage application time Tvpgms 30 ence to FIG . 20 to FIG . 22 and include the start program 
in the evacuation write is shorter than the program voltage voltage Vpgms , the increment AVpgml , and / or the program 
application time Tvpgm in the normal single level write voltage application time Tvpgm . The normal single level 
mode . write instruction instructs to write the dirty data into a cell 

The memory controller 200 repeats the evacuation write unit CU in a block BLK in the SLC mode . 
for writing the dirty data stored in the RAM 230 until all 35 < 1 . 2 . 4 . 3 . Evacuation Write by Setting of Privileged 
pieces of the dirty data are written into the nonvolatile Parameter > 
memory 100 . The memory controller 200 , as illustrated in A value of a privileged parameter of the nonvolatile 
FIG . 23 , writes the dirty data into a plurality of cell units CU memory 100 is able to be changed by a setting instruction of 
of a block BLK in ascending order of an address of each cell the privileged parameter . Some parameters , such as ordinary 
unit CU without skipping any of the cell units CU . Alter - 40 parameters , can be changed by the ordinary parameter 
natively , the memory controller 200 may write the dirty data setting instruction , but some other parameters , such as 
into several cell units CU of a block BLK and does not write privileged parameters , cannot be changed by the ordinary 
into remaining cell units CU of the block BLK . For example , parameter setting instruction . The privileged parameter set 
as illustrated in FIG . 24 , the memory controller 200 writes ting instruction is able to change the values of the ordinary 
the dirty data into one cell unit CU of every two cell units 45 parameters , in addition to the values of the privileged 
( skipping one cell unit CU after programming one cell unit parameters . 
CU ) in ascending order of addresses of the cell units CU . FIG . 27 illustrates another example of a signal DQ input 
Specifically , the memory controller 200 writes the dirty data to the nonvolatile memory 100 from the memory controller 
into the cell unit CUO and subsequently , writes the dirty data 200 for transmitting an instruction of parameter setting . The 
into alternated cell units CU2 , CU4 , CU6 , and . . . , skipping 50 nonvolatile memory 100 recognizes the privileged param 
cell units CU1 , CU3 , CU5 , and . . . . Alternatively , the eter setting instruction illustrated in FIG . 27 . The memory 
memory controller 200 may write the dirty data into cell unit controller 200 sets the value of the privileged parameter 
CU1 and subsequently , writes the dirty data into alternated using the privileged parameter setting instruction . 
cell units of each cell unit CU3 , CU5 , CU7 , and . . . , The privileged parameter setting instruction includes , for 
skipping cell units CUO , CU2 , CU4 , and . . . . Further , a 55 example , a sequence of commands ( AAh , BBh , . . . , and 
single cell unit CU may be used for every two cell units CU MMh ) and data WB ( WBO , WB1 , . . . , and WBq ) . A specific 
or three or more cell units CU . In this manner , after sequence of commands designates a single parameter . When 
programming one cell unit , one or more neighbor cell units data WBq is received , the nonvolatile memory 100 sets the 
are skipped for programming in order for mitigating inter - value for the designated parameter . The setting of the 
cell interference . 60 privileged parameters remains for a specific period of time 

< 1 . 2 . 4 . 2 . Evacuation Write by Setting Ordinary Param - and for example , remains for subsequent specific processing 
eter > ( for example , a series of writing ) . 

The nonvolatile memory 100 uses a standard value ( set . For the evacuation write , the memory controller 200 , as 
ting ) , which is determined in advance , for a parameter illustrated in FIG . 28 , transmits the privileged parameter 
( voltage or the like ) related to an operation in various 65 setting instruction to the nonvolatile memory 100 to set the 
operations . Specifically , the sequencer 14 uses the start selected parameter and proceeds to transmit the normal 
program voltage Vpgms having a default value , the incre - single level write instruction to the nonvolatile memory 100 . 
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The kinds of set parameters are the same as those described evacuation write and time needed for the completion of the 
with reference to FIG . 20 to FIG . 22 and include the start evacuation write . As such , both of the amounts of energy are 
program voltage Vpgms , the increment AVpgml , and / or the dependent on time and accordingly , time reduction of the 
program voltage application time Tvpgm . The normal single evacuation write enables to reduce the capacitance of the 
level write instruction instructs to write the dirty data into a 5 backup power supply 310 . 
cell unit CU in a block BLK in the SLC mode . On the other hand , the evacuation write does not fre 

< 1 . 2 . 4 . 4 . Other Parameters > quently occur . For that reason , although the evacuation write 
In the evacuation write , there may be values ( settings ) of is a write causing the exhaustion of the cell transistor MT to 

parameters other than the start program voltage VpgmsL , the increase , a possibility that the evacuation write significantly 
increment AVpgmL , and the reference value TN2 that are 10 reduces the lifetime of the nonvolatile memory 100 is low . 
different from the settings in the normal single level write In view of the matters described above , according to the 
mode . In particular , the sequencer 14 , as illustrated in FIG . first embodiment , the evacuation write is performed in the 
29 , can apply the read pass voltage Vread1L to the non - single level write and is performed by using parameter 
selected word line WL in addition to the use of at least the values ( settings ) different from the parameter values used in 
increment AVpgmL in the verification of the evacuation 15 the normal single level write instruction . More specifically , 
write . The read pass voltage Vread1L is greater than the read the start program voltage VpgmsL , the increment AVpgmL , 
pass voltage Vread1 . The read pass voltage VreadlL is the reference value TN2 , and / or the application time 
greater than any of the threshold voltages of the cell tran - Tvpgms are used in the evacuation write . The start program 
sistors MT written by the evacuation write . The read pass voltage VpgmsL , the increment AVpgmL , and the reference 
voltage Vread1L is able to be determined in advance by 20 value TN2 are respectively greater than the start program 
defining of a distribution of the threshold voltages of the cell voltage Vpgms , the increment AVpgm , and the reference 
transistors MT programmed by the evacuation write , for value TN1 . The use of the start program voltage Vpgms 
example , by an experiment and / or simulation . Using the increases the threshold voltage of the selected cell transistor 
read pass voltage Vread1L can be instructed by the evacu - MT in the first program loop greater than a case of using the 
ation write instruction , or by a combination of setting of 25 start program voltage Vpgm . The use of the increment 
parameters and issuing the normal single level write instruc - VpgmL increases a value of the program voltage greater 
tion . than a case of using the increment AVpgm . The use of the 

< 1 . 3 . Advantages ( Effects ) > reference value TN2 relaxes the criteria of completion of the 
According to the first embodiment , the evacuation write is program than a case of using the reference value TN1 . For 

able to be completed in a shorter period of time . Details are 30 that reason , due to the use of the start program voltage 
as follows . Vpgms , the increment AVpgmL , and / or the reference value 

The evacuation write is able to be performed using the TN2 , the evacuation write is completed with the number of 
normal single level write instruction . In the normal single loops less than that of the normal single level write mode . 
level write mode , a small increment AVpgm1 is used to For that reason , the evacuation write is completed using the 
minimize application of the voltage to the selected cell 35 number of program loops less than the number of program 
transistor MT . With this , wear of the selected cell transistor loops needed for the completion of the normal single level 
MT is reduced . On the other hand , the normal single level write mode , and is completed for a period of time shorter 
write mode might need more time to complete due to the use than the normal single level write mode . For that reason , the 
of the small increment AVpgm1 . For that reason , the evacu amount of energy needed for the completion of the evacu 
ation write using the normal single level write mode may not 40 ation write is less than that of the normal single level write 
be completed within a period of time during which the mode and hence the necessary capacitance of the backup 
power - supply voltage can be supplied by the backup power power supply 310 is less than that of the normal single level 
supply 310 . write mode . 

Accordingly , it is recognized that a capacitance of the Furthermore , the program voltage application time 
backup power supply 310 should be increased , such that the 45 Tvpgms may be used in addition to the use of the start 
evacuation write using the normal single level write mode is program voltage VpgmsL and the increment AVpgmL . The 
completed within a period of time during which the power - program voltage application time TvpgmS is shorter than the 
supply voltage can be supplied by the backup power supply program voltage application time Tvpgm . For that reason , 
310 . However , the backup power supply 310 having such a the use of the program voltage application time Tvpgms 
large capacitance occupies a large size in a mounting area 50 makes the time for program shorter than a case of the normal 
and / or needs high cost . The amount of power needed for the single level write mode and the time needed for the comple 
evacuation write needs to be reduced in order to make it tion of the evacuation write is also shorter than a case of the 
possible for the backup power supply having a low capaci - normal single level write mode . 
tance to be able to supply the amount of power needed for The power consumed in a single program loop in the 
the evacuation write . 55 nonvolatile memory 100 including a case where the start 

In the evacuation write , the amount of energy ( integral of program voltage VpgmsL and / or the increment AVpgmL is 
power w . r . t . time ) consumed in the memory system 1 used is substantially constant . This means that the use of the 
includes the amount of energy consumed by the memory start program voltage VpgmsL and / or the increment 
controller 200 and the amount of energy consumed by the VpgmL reduces the number of program loops needed for 
nonvolatile memory 100 . The amount of energy consumed 60 the evacuation write , but the amount of energy consumption 
by the memory controller 200 is the product of power in a single program loop is not remarkably increased in 
consumption of the memory controller 200 needed for compensation for the use . 
completion of the evacuation write by the nonvolatile When the evacuation write is completed using smaller 
memory 100 and time needed for the completion of the number of program loops , it is possible to reduce a peak 
evacuation write . On the other hand , the amount of energy 65 power of the memory system 1 in which a plurality of chips 
consumed by the nonvolatile memory 100 is the product of of the nonvolatile memory 100 are provided . The peak 
power consumed by the nonvolatile memory 100 for the power of the memory system 1 depends on a sum of power 
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consumptions of respective chip of nonvolatile memory 100 write has possibly lower reliability than data written by the 
while the plurality of chips of nonvolatile memory 100 normal single level write mode , due to the parameter values 
operate in parallel and the maximum peak power is easy to different from the ones in the normal single level write 
occur in the evacuation write process . In general , a low peak mode . 
power is preferable . The operations of a plurality of the chips 5 Instead of utilizing the high efficiency of the evacuation 
of nonvolatile memory 100 are temporally shifted ( stag - write of the first embodiment for reducing the required 
gered ) so as to make it possible to reduce the number of the capacitance of the backup power supply 310 , it can be 
chips of nonvolatile memory 100 operating in parallel at a utilized for enlarging the maximum amount of dirty data 
time . However , when the time needed for the evacuation with the required capacitance remaining the same . By doing 
write is long , it is more difficult to reduce the peak amount 10 this , the RAM 230 is able to hold a larger amount of dirty 
of chips work in parallel such that all the dirty data is written data even for the backup power supply 310 in which the 
into the nonvolatile memory 100 in the limited period of capacitance remains same . The memory controller 200 may 
time . In the first embodiment , a short period of time for the perform grouping pieces of write data into a plurality of 
evacuation write enables to temporally shift ( stagger ) opera - units each of which is called a stream and managing and 
tions of the plurality of the chips of nonvolatile memory 100 15 writing in units of a stream in order to reduce the write 
more easily and reduce the number of the chips of nonvola amplification factor . Matters that the RAM 230 is able to 
tile memory 100 operating in parallel at a time more easily . hold a larger amount of dirty data when such processing is 

Reduction of the peak power may improve the conversion performed enable more streams to be supported . 
efficiency of a DC - DC converter in the power supply control The following advantages may be obtained by using read 
circuit 300 during the normal period , in which the power is 20 pass voltage Vread1L . In general , a finer threshold voltage 
supplied from the host device 2 . In general , the current distribution ( level ) of the cell transistors immediately after 
capacity of the power supply circuit is designed to afford the writing is desirable for a larger reading margin and hence an 
maximum load assumed during the operation . On the other increase of the threshold voltage at the time of program loop 
hand , when a power supply circuit ( in particular , the DC - DC is preferably small in order to obtain such a distribution . The 
converter ) with a large current capacity drives a low load , 25 threshold voltage of the cell transistor MT is increased by 
conversion efficiency is poor . Accordingly , it is preferable application of voltage to the word line WL at the time of 
that the load at a peak in the evacuation mode ) is not program loop . In order to prevent an undesired increase of 
significantly different from the average load during the a threshold voltage of the cell transistor MT ( disturbance to 
normal period . Power consumption of the nonvolatile cell transistor MT ) due to the voltage applied to the non 
memory 100 easily reaches the peak during the evacuation 30 selected word line WL when verification is performed , the 
write . According to the first embodiment , the time for voltage applied to the non - selected word line WL is pre 
program is reduced so as to temporally shift ( stagger ) ferred to be as low as possible . On the other hand , the use 
operations of the plurality of the chips of nonvolatile of an increment AVpgmL in the evacuation write is able to 
memory 100 to thereby reduce the number of the chips of increase the threshold voltage of selected cell transistor MT 
nonvolatile memory 100 operating in parallel at a time . As 35 for each program loop to be greater than a case where an 
a result , it is possible to reduce the peak power and improve increment AVpgm is used in the normal single level write 
the conversion efficiency of the DC - DC converter in certain mode . For the evacuation write , completing the evacuation 
cases other than the evacuation write , that is , during the write in a short period of time is given priority and genera 
normal period . tion of the finer distribution as in the case of the normal 

In the first embodiment , the memory controller 200 does 40 single level write mode is not a priority . Accordingly , the 
not read a status about a result of the evacuation write after advantage in employing the low read pass voltage Vread1 as 
the evacuation write . In a case where the memory controller in the verification of the normal single level write mode , is 
200 is configured to perform reading of the status after the small in the evacuation write . By using the read pass voltage 
evacuation write , the backup power supply 310 needs to Vread1L , it is possible to increase a reading margin from the 
have a large capacitance in order to supply the amount of 45 cell transistor MT subjected to the evacuation write . This is 
power needed for reading of the status . However , even when because it is possible to make spacing between the P state 
the status indicates a failure of the evacuation write , in and the read pass voltage Vread1L sufficiently large . The use 
general , retry writing is omitted due to limitation of the of read pass voltage Vread1L does not result in any mean 
capacity of the backup power supply 310 . Instead , the dirty i ngful disadvantages . This is because although the applica 
data are recovered by the product code or a replicated 50 tion of the read pass voltage Vreadil may cause a distur 
portion in the nonvolatile memory 100 upon restarting . bance larger than a case of application of the read pass 
Accordingly , reading of status is of no use to subsequent voltage Vread1 in the normal single level write mode , 
processing after that and for that reason , it is possible to omit reading of data subjected to the evacuation write occurs once 
reading of status . This omission enables a required capaci - at the time of the start and accordingly an error rate in read 
tance of the backup power supply 310 to be smaller than a 55 data caused by applying the read pass voltage Vread1L does 
case where reading of status is performed . not grow considerably high . 

The memory controller 200 writes dirty data into a single 
cell unit CU and skips programming one or more cell units Second Embodiment 
CU among every plurality of cell units CU . This alternate 
writing of dirty data relaxes interference on the data , which 60 A second embodiment is related to details of the evacu 
is written into a certain cell unit CU by being subjected to ation write . 
the evacuation write , by the raised threshold voltage of the The memory system 1 , the memory controller 200 , and 
cell unit CU which is adjacent to or positioned both sides of the nonvolatile memory 100 of the second embodiment are 
the certain cell unit CU so that the data subjected to the configured in the same manner as the first embodiment . In 
evacuation write is held with high reliability . In particular , 65 the second embodiment , the memory controller 200 and the 
employing of this alternate writing manner in the evacuation nonvolatile memory 100 are configured to perform opera 
write is useful , because the data subjected to the evacuation tions described in the following . 
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< 2 . 1 . Operation > the same elements and connections as those of the first 
When an evacuation write instruction illustrated in FIG . embodiment . In the third embodiment , the memory control 

18 is received , the nonvolatile memory 100 performs opera ler 200 and the nonvolatile memory 100 are configured to 
tions described as follows . However , the memory controller perform operations described in the following . 200 may instruct the evacuation write described in the 5 < 3 . 1 . Operation > following by an instruction different from that shown in FIG . 
18 . In such a case , the instruction is different from the When an evacuation write instruction illustrated in FIG . 
instruction of FIG . 18 in , for example , a command preceding 18 is received , the nonvolatile memory 100 performs opera 
a write command . The memory controller 200 transmits a tions described in the following . The memory controller 200 
command ZZh instead of , for example , the command YYh . may also instruct the evacuation write described in the 

The evacuation write of the second embodiment is dif - following by an instruction other than that shown in FIG . 18 . 
ferent from the normal single level write mode , and the In this case , the instruction is different from the instruction 
sequencer 14 , as illustrated in FIG . 30 , does not perform of FIG . 18 in , for example , a command preceding a write 
counting of fail bits in each program loop . Furthermore , the command . The memory controller 200 transmits a command 
sequencer 14 performs the program loops for a fixed number - TTh instead of , for example , the command YYh . 
of times with respect to one process of evacuation write , that 15 The evacuation write of the third embodiment is different is , with respect to a single evacuation write instruction . 

Fail bits are not counted and thus , whether programming from the normal single level write mode and the sequencer 
is completed without fail is not determined . For that reason , 14 , as illustrated in FIG . 32 , performs only the program once 
a result of counting of fail bits needed for determining to in response to the evacuation write instruction . The 
execute the next program loop is not obtained . Accordingly , 20 sequencer 14 does not perform the verification , counting of 
the determination of execution of the next program loop is fail bits , or the second program loop and succeeding pro 
not made and program loops are performed a certain fixed gram loops . Otherwise , as illustrated in FIG . 33 , the 
number of times as a result . The fixed number of times of sequencer 14 may use the start program voltage VpgmsL 
program loops is able to be determined by experiment and / or and / or program voltage application time TvpgmL , instead of simulation as , for example , an average number of times or 25 25 the program voltage application time Tvpgm , such that the maximum number of times of program loops performed program is completed by only single application of a pro until the normal single level write is completed . The 
sequencer 14 performs the program loops for this fixed gram voltage . The program voltage application time 
number of times over a plurality of evacuation write pro TvpgmL in the evacuation write is longer than the program 
cesses , in particular , all of evacuation writes . voltage application time Tvpgm in the normal single level 

The sequencer 14 may additionally use several features of > write mode . 
the evacuation write of the first embodiment . That is , the As in the first embodiment , the evacuation write may be 
sequencer 14 may use the start program voltage Vpgms realized by a combination of setting of parameters and 
and / or an increment AVpgmL . issuing the normal single level write instruction . That is , the The sequencer 14 is , as illustrated in FIG . 31 , may use the 25 sequencer 14 transmits an ordinary parameter setting increment AVpgmL and apply the voltage PVL , instead of 35 
the voltage PV to the selected word line WL in the verifi instruction or a privileged parameter setting instruction to 
cation of the evacuation write . The voltage PVL is higher the nonvolatile memory 100 indicating that verification and 
than the voltage PV . counting of fail bits not to be executed and a single execu 

As in the first embodiment , the evacuation write may be tion of program loop to be executed . 
realized by a combination of setting of parameters and 40 Furthermore , the evacuation write may be performed by 
issuing the normal single level write instruction . That is , the using the command instructing application of program volt 
sequencer 14 transmits an ordinary parameter setting age Vpgm in combination with the reset command . The 
instruction or a privileged parameter setting instruction to memory controller 200 transmits commands as illustrated in 
the nonvolatile memory 100 indicating that counting of fail FIG . 34 for the evacuation write . FIG . 34 illustrates an 
bits not to be executed and execution of a fixed number of 45 example of a signal DQ input to the nonvolatile memory 100 
times of program loops in a single level write instruction from the memory controller 200 for transmitting an instruc 

< 2 . 2 . Effects > tion of the evacuation write . 
The evacuation write of the second embodiment does not As illustrated in FIG . 34 , the memory controller 200 

include counting of fail bits . For that reason , the evacuation performs the program by using manual program instruction . 
write is completed in a period of time shorter than the 50 The manual program instruction includes a manual program 
normal single level write mode . Accordingly , as is the case command NNh , address signals A1 to A5 , write data DO to 
in the first embodiment , the capacitance needed for the Dp , and an execution command 15h . The nonvolatile 
backup power supply 310 is smaller than a case of the memory 100 recognizes the manual program instruction and 
normal single level write mode using parameters with stan when the manual program instruction is received , performs 
dard settings ( standard values ) . 55 the program , continues applying the program voltage 

By using the voltage PVL , the P state due to the evacu - ( Vpgms or VpgmsL ) to the selected word line WL . The 
ation write has spacing between the P state and the Er state continuation time of the program voltage by the manual 
larger than a case where the voltage PV is used , so that a program instruction is not predetermined and application of 
high reading margin may be achieved for the cell transistor the program voltage continues until the manual program 
MT subjected to the evacuation write . 60 instruction is stopped in some way . 

After that , the memory controller 200 transmits the reset 
Third Embodiment command FFh to the nonvolatile memory 100 . When the 

reset command FFh is received , the nonvolatile memory 100 
A third embodiment is related to details of the evacuation stops a process in progress , that is , the program in the current 

write . 65 example . The continuation time of the program is deter 
The memory system 1 , the memory controller 200 , and mined by a period of time ranging from the time at which the 

the nonvolatile memory 100 of the third embodiment have command 15h is received to the time at which the reset 
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command FFh is received . The memory controller 200 , for have different data retention characteristics . Accordingly , the 
example , transmits the reset command FFh at the timing dirty data may be written into the cell unit CU positioned at 
selected such that the program is performed over a prede - a height having high data retention characteristics . 
termined period of time . Furthermore , sequencer 14 , as illustrated in FIG . 38 , may 

< 3 . 2 . Effects > 5 apply the program pass voltage VpassL to the non - selected 
The evacuation write of the third embodiment includes word line WL , instead of the voltage Vpass , in the program 

only program performed once . For that reason , the evacu of the evacuation write . The voltage VpassL is higher than 
ation write is completed in a period of time shorter than the the voltage Vpass . FIG . 38 illustrates a case of a combina 
normal single level write mode . Accordingly , it is the same tion of the fourth embodiment and the second embodiment . 
as the first embodiment and the capacitance needed for the 10 < 4 . 2 . Advantage > 
backup power supply 310 is smaller than a case of the In the second and third embodiment , the evacuation write 
normal single level write mode using the parameters having includes application of the program voltage once or a 
standard values . plurality of fixed times and does not include verification 

including determination of whether to proceed to the next 
Fourth Embodiment 15 program loop based on the verification result . For that 

reason , a selected transistor MT for which a threshold 
A fourth embodiment is related to details of the evacua - voltage is increased by the evacuation write may be over 

tion write and is used in addition to the first to third programmed , i . e . , have an excessive threshold voltage . In 
embodiment , in particular , to the second or to the third particular , when a threshold voltage of the selected cell 
embodiment . 20 transistor MT subjected to the programming exceeds the 

The memory system 1 , the memory controller 200 , and read pass voltage Vread1 , data programmed in another cell 
the nonvolatile memory 100 of the fourth embodiment have transistor MT belonging to the string STR to which the 
the same elements and connections as those of the first selected transistor MT belongs is unable to be read . This is 
embodiment . In the fourth embodiment , the memory con - because the cell transistor MT having the threshold voltage 
troller 200 and the nonvolatile memory 100 are configured 25 of which magnitude exceeds the read pass voltage Vreadl is 
to perform operations described in the following . not turned on even when the read pass voltage Vreadl is 

< 4 . 1 . Operation > applied in the connected word line WL and accordingly , the 
As illustrated in FIG . 35 , in the evacuation write , the state of remaining cell transistors MT is unable to be 

memory controller 200 instructs the nonvolatile memory determined . 
100 such that at most one cell unit CU in a single string unit 30 According to the fourth embodiment , the memory con 
SU of a single block BLK to be programmed . The memory troller 200 writes the dirty data into only a single cell unit 
controller 200 does not designate remaining cell units CU in CU per a single string unit SU in the evacuation write . 
the string unit as the writing destination in the subsequent Accordingly , data will not be read from another cell unit CU 
evacuation write instruction . Among cell units CU in a in the string unit SU that includes the cell unit CU in which 
single string unit SU , any single cell unit CU may be 35 the dirty data is written . Accordingly , even when the cell unit 
selected . CU in which data is written includes the cell transistor MT 

Further , the memory controller 200 may write the dirty of which the threshold voltage exceeds the read pass voltage 
data only into a single string unit SU among string units SU Vreadi , reading operations in the nonvolatile memory are 
in a single block BLK in the evacuation write . not affected . 

The memory controller 200 may write the dirty data into 40 The use of the fourth embodiment may limit usable 
a plurality of cell units CU of a single block BLK each of capacity of a block BLK . On the other hand , after the 
which is connected to a same word line WL and belongs to evacuation write , like Step S9 of FIG . 9 , when the memory 
different string unit SU from each other . FIG . 36 illustrates system 1 is started , data is read from the evacuation block 
such an example . FIG . 36 illustrates an example which is BLKb and the read data is written into another block BLK 
different from the example of FIG . 4 and in which 64 45 ( relocating ) . An evacuation block BLKb from which data is 
conductors CW ( word line WL ) are provided . FIG . 36 moved to another block BLK becomes available as a write 
illustrates writing of data into the cell unit CU connected to destination again . For that reason , capacity reduction of the 
the word line WLO as an example . A word line WL which block BLK is not caused by the evacuation write of the 
data is written into is not limited to the word line WLO , but fourth embodiment . 
may be any other word line WL . 50 For example , in the string units SU physically adjacent to 

Alternatively , the memory controller 200 may write the each other as illustrated in FIG . 37 , the dirty data is written 
dirty data into a plurality of cell units CU of a single block into the cell units CU having different addresses such that 
BLK each of which is connected to a different word line WL data is not written into a cell unit CU adjacent to a cell unit 
and belongs to different string unit SU from each other . FIG . CU into which another data is written . As such , it is possible 
37 illustrates such an example . FIG . 37 illustrates an 55 to avoid the cell units CU into which data is written from 
example which is different from the example of FIG . 4 and interfering each other . Specifically , the cell transistor MT 
in which 64 conductors CW ( word line WL ) are provided into which data is programmed to be the P state in the 
FIG . 37 illustrates , as an example , writing of data into the evacuation write may have a threshold voltage greater than 
cell units CU connected respectively to the word lines WL1 , that of the cell transistor MT into which data is programmed 
WL31 , WL33 , and WL63 in the string units SUO , SU1 , SU2 , 60 to be the P state at a normal mode . For that reason , the 
and SU3 . Data may be written into a different set of cell units threshold voltage of the cell transistor MT in the Er state 
CU . may be significantly different from the threshold voltage of 

The cell unit CU in which the dirty data is to be written the cell transistor MT belonging to the P state due to the 
may be selected based on , data retention characteristics of parameter setting of the evacuation write . Accordingly , in 
the cell unit CU . In the cell array 11 having the structure of 65 two cell units CU into which data is written , when the cell 
FIG . 4 , cell transistors MT positioned at different coordi - transistor MT belonging to the Er state is adjacent to the cell 
nates , ( that is , height from substrate sub ) on the z - axis may transistor MT belonging to the P state by the evacuation 



US 10 , 241 , 552 B2 
28 

write , the threshold voltage of the cell transistor MT in the Description will be referred back to FIG . 39 . The memory 
Er state may be increased by the adjacent cell transistor MT controller 200 transmits a normal read instruction to the 
in the P state . Such a situation can be avoided by writing as nonvolatile memory 100 and reads data from the evacuation 
illustrated in FIG . 37 . block BLKb ( Step S92 ) . The read instruction includes 

The following advantages may be obtained by using the 5 designation of a cell unit CU holding data written by the 
program pass voltage VpassL . As described above , the evacuation write . The nonvolatile memory 100 reads data 
program pass voltage Vpass has the magnitude capable of from the cell unit ( selected cell unit ) CU which is a desig 
raising the channel by coupling to a degree that an increase nated reading target in response to the read instruction . In 
of threshold voltage in the selected cell transistor MT can be reading , the sequencer 14 performs applying the voltage Vsg 
prevented in the program inhibited string STR while pre 10 to the selection gate lines SGDL and SGSL of the selected 

string unit SU included in the selected cell unit CU , applying venting an increase of the threshold voltage of a non the read voltage VP to the selected word line WL , and selected cell transistor MT in the programmable string STR . applying the read pass voltage Vread1L2 to the non - selected The program pass voltage Vpass is preferably high in order word lines WL . 
to prevent the increase of the threshold voltage of the 15 The memory controller 200 receives the memory read 
selected cell transistor MT in the program inhibited string data read from the cell unit CU from the nonvolatile memory 
STR . On the other hand , the program pass voltage Vpass is 100 and attempts to perform error correction using parity 
preferably low in order to prevent the increase of the data in the received memory read data . When an error in the 
threshold voltage of the non - selected cell transistor MT in memory read data from a certain single selected cell unit CU 
the programmable string STR . In contrast , in the fourth 20 is not corrected , the memory controller 200 attempts to 
embodiment , the dirty data is written into only a single cell perform error correction again using the product code . That 
unit CU per a single string unit SU and accordingly , data is is , the memory controller 200 uses apiece of memory read 
not read from remaining cell units CU . For that reason , data having an error that was uncorrectable and other 
unintended increase of the threshold voltages of the cell memory read data for which the product code is generated 
transistors MT of remaining cell units CU does not need to 25 and attempts to correct the memory read data having an error 
be prevented . The use of program pass voltage VpassL is that was uncorrectable . Alternatively , as described in the first 
able to more strongly prevent the increase of the threshold embodiment , in a case where replicated copies of write data 
voltage of the selected cell transistor MT in the program are written into a plurality of cell units CU , when the 
inhibited string STR than in a case where the program pass memory controller 200 failed in correcting an error in a copy 
voltage Vpass is used . That is , it is possible to further 30 of the piece of write data , the memory controller 200 reads 
suppress undesired programming of the selected cell tran memory read data from another cell unit CU in which 
sistor MT in the program inhibited string STR . another copy of write data is held , and attempts to perform 

error correction . 
Fifth Embodiment The memory controller 200 writes the piece of memory 

35 read data for which an error has been corrected into another 
A fifth embodiment is related to details of Step S9 of FIG . block BLK by the normal write ( Step S93 ) . The memory 

9 in reading data from the evacuation block and is used in controller 200 determines whether all pieces of data sub 
addition to the first to third embodiment , in particular , to the jected to the evacuation write , that is , all pieces of data in the 
second or to the third embodiment . evacuation block BLKb , are written ( relocated ) into another 

The memory system 1 , the memory controller 200 , and 40 block BLK through execution of Steps S92 and S93 ( Step 
the nonvolatile memory 100 of the fifth embodiment have S94 ) . 
the same elements and connections as those of the first When the evacuation block BLKb includes apiece of data 
embodiment . On the other hand , in the fifth embodiment , the which is not written into the other block BLK ( No Branch ) , 
memory controller 200 and the nonvolatile memory 100 are the process returns to Step S92 . When the evacuation block 
configured to perform operations described in the following . 45 BLKb does not include a piece of data which is not written 

< 5 . 1 . Operation > into the other block BLK ( Yes Branch ) , the process makes 
FIG . 39 illustrates a process of a memory system of the transition to Step S95 . In Step S95 , the memory controller 

fifth embodiment and illustrates a detailed process of Step 200 instructs the nonvolatile memory 100 to use the read 
S9 of FIG . 9 . As illustrated in FIG . 39 , the memory con - pass voltage Vread1 instead of using the read pass voltage 
troller 200 instructs the nonvolatile memory 100 to use the 50 Vread1L2 . Step S95 continues to Step S3 . 
read pass voltage Vread1L2 , instead of using the read pass < 5 . 2 . Advantage > 
voltage Vread1 ( Step S91 ) , after the determination of “ No ” . As described in the fourth embodiment , in particular , in 
in Step S2 . The read pass voltage Vread1L2 a fixed value is the second or the third embodiment , the cell transistor MT 
greater than the read pass voltage Vread1 , and as illustrated which is a target of the evacuation write may be over 
in FIG . 40 , is sufficiently greater than any of the threshold 55 programmed and have a threshold voltage exceeding the 
voltages of the cell transistors MT into which data is read pass voltage Vread1 . This may prevent data from being 
programmed by the evacuation write . The read pass voltage properly read from another cell transistor MT included in the 
Vread1L2 may be determined in advance through calcula - string STR in which the cell transistor MT having a thresh 
tion of a distribution of the threshold voltages of the cell old voltage exceeding the read pass voltage Vread1 . 
transistors MT into which data is written , for example , by 60 According to the fifth embodiment , after the restart of the 
experiment and / or simulation . The read pass voltage memory system 1 , the memory controller 200 instructs the 
Vread1L2 may also be equal to the read pass voltage nonvolatile memory 100 to use the read pass voltage 
Vread1L . Vread1L2 instead of using Vread1 to the non - selected word 

The instruction to the nonvolatile memory 100 to use read line WL . The memory controller 200 relocates data in the 
pass voltage Vread1L2 may be performed by using the 65 evacuation block BLKb into another block BLK in a mode 
ordinary parameter setting instruction ( see FIG . 25 ) and / or at which the use of read pass voltage Vread1L2 is desig 
the privileged parameter setting instruction ( see FIG . 27 ) . nated . The read pass voltage Vread1L2 is greater than the 
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threshold voltage of any of cell transistors MT which are 6 . The memory system according to claim 1 , wherein 
targets of the evacuation write . Accordingly , for example , changing the parameter includes increasing a verification 
even when a certain cell transistor MT has a threshold voltage . 
voltage exceeding the read pass voltage Vread1 , the cell 7 . The memory system according to claim 1 , wherein 
transistor MT is turned on when the read pass voltage 5 upon a restoration of the power supplied to the memory 
Vread1L2 is applied to the gate of the cell transistor MT . system from the external source after the detection , the This enables reading from a string STR including the cell controller transmits a third command to carry out a read transistors MT having the threshold voltage exceeding the operation with a read pass voltage that is higher than a read pass voltage Vread1 , as long as the threshold voltage is read pass voltage with which a read operation is carried lower than the read pass voltage Vread1L2 . out before the detection , the read pass voltage being a Application of the read pass voltage Vread1L2 to the voltage applied to a word line that is not a read target non - selected word line WL may cause a disturbance greater 
than a case of application of the read pass voltage Vread1 word line . 
and the disturbance may change data held by these cell 8 . The memory system according to claim 1 , wherein 
transistors MT . However , reading of data written by the 15 changing the parameter causes the nonvolatile memory to 
evacuation write occurs only at a low frequency upon carry out the write operation without any verification . 
restarting of the memory system 1 . For that reason , the 9 . The memory system according to claim 1 , wherein 
disturbance is not great enough to change the read data by changing the parameter causes the nonvolatile memory to 
application of the read pass voltage Vread1L2 . carry out the write operation without any counting of fail 

While certain embodiments have been described these 20 bits . 
embodiments have been presented by way of example only , 10 . The memory system according to claim 9 , 
and are not intended to limit the scope of the inventions . wherein changing the parameter causes the nonvolatile 
Indeed , the novel embodiments described herein may be memory to carry out the write operation in a fixed 
embodied in a variety of other forms : furthermore various number of program loops . 
omissions , substitutions and changes in the form of the 25 11 . The memory system according to claim 1 , wherein 
embodiments described herein may be made without depart prior to the detection , the controller transmits a third 
ing from the spirit of the inventions . The embodiments and command to the nonvolatile memory to return a status 
modifications thereof fall within matters set forth in the of the write operation after the controller transmits the 
claims and their equivalents as would fall within the scope second command to the nonvolatile memory to carry 
and spirit of the invention . out the write operation , and 
What is claimed is : in response to the detection , the controller does not 
1 . A memory system comprising : transmit the third command to the nonvolatile memory 
a nonvolatile memory including a plurality of memory after the controller transmits the second command to 

cells and a plurality of word lines ; the nonvolatile memory . 
a controller configured to control the nonvolatile memory ; 35 12 . The memory system according to claim 1 , wherein the 

and second command includes a plurality of write commands , 
a backup power supply , and the controller , in response to the detection , transmits the 
wherein , in response to a detection that power from an plurality of write commands to the nonvolatile memory as 

external source to the memory system is interrupted , at the second command , each of the plurality of write com 
which time power to the memory system starts to be 40 mands identifying a cell unit of the nonvolatile memory in 
supplied from the backup power supply , the controller : which respective data of the plurality of write commands are 
transmits a first command to the nonvolatile memory to to be written , the cell unit being a set of memory cells 

change a parameter for a write operation on first sharing a same word line within a string unit . 
memory cells , which are electrically connected to a 13 . The memory system according to claim 12 , wherein 
first word line and are in an erased state ; and then 45 the cell units in which respective data of the plurality of 

transmits a second command to the nonvolatile write commands are to be written , are located consecutively 
memory to carry out the write operation on the first in one block . 
memory cells , such that the nonvolatile memory 14 . The memory system according to claim 12 , wherein 
carries out the write operation using the changed any two cell units among the cell units in which respective 
parameter . 50 data of the plurality of write commands are to be written , are 

2 . The memory system according to claim 1 , wherein the not adjacent along a bit line direction in one block . 
write operation performed on the first memory cells in the 15 . The memory system according to claim 12 , wherein 
erased state using an unchanged parameter takes a first the cell units in which respective data of the plurality of 
completion time and the write operation performed on the write commands are to be written , are each located in a 
first memory cells in the erased state using the changed 55 different block . 
parameter takes a second completion time that is shorter 16 . The memory system according to claim 12 , wherein 
than the first completion time . the cell units in which respective data of the plurality of 

3 . The memory system according to claim 1 , wherein write commands are to be written , are each located in a 
changing the parameter includes increasing a start program different string unit . 
voltage . 60 17 . The memory system according to claim 16 , wherein 

4 . The memory system according to claim 1 , wherein the different string units containing the cell units in which 
changing the parameter includes increasing an incremental respective data of the write commands are to be written , 
program voltage that is added to a program voltage after share a word line . 
completion of a program loop . 18 . The memory system according to claim 16 , wherein 

5 . The memory system according to claim 1 , wherein 65 the cell units of the different string units in which respective 
changing the parameter includes decreasing a program volt - data of the write commands are to be written , are connected 
age application time . to different word lines . 
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19 . A memory system comprising : 
a nonvolatile memory that includes a plurality of blocks , 

including a first block and a second block ; and 
a controller that controls the nonvolatile memory , 
wherein the controller , in response to a shutdown event , 5 

transmits a first command to the nonvolatile memory to 
write data into the first block , and in response to a 
power restore event that follows the shutdown event , 
transmits a second command to the nonvolatile 
memory to relocate the data written into the first block 10 
to the second block , and 

wherein during the relocating , the controller transmits a 
third command to the nonvolatile memory to set a read 
pass voltage to a first read pass voltage and , after the 
relocating , the controller transmits a fourth command 15 
to the nonvolatile memory to set the read pass voltage 
to a second read pass voltage that is lower than the first 
read pass voltage . 


